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t/ Media Drive 

t/ Best High Performance 

t/ Best Low Cost 

Pinnacle's award-winning 2.6 GB Removable Optical Drive 
is only $1695 (MSRP) complete with one optical disk. Based on Pinnacle's unique 

optical technology, tne Vertex"" boasts a 19 msec seek time, a maximum data 

rate up to 4.3 Megabytes per second, and a fast rotation speed of 3755 RPM. 

Vertex utilizes removable, high capacity optical media for unlimited storage. 

Fill up a disk, just pop in another. Data intensive applicatio~s such as ima i g, 

networking, digital video/audio, graphics, and data archiving;l!l .requir 

optimum level of data integrity, portability, an~ fast random access 

to your information. Vertex an hold up to 2.6 Gigabytes of 

mass storage on a single cartridge that comp.lies ith industry 

standards for data interchangeability with other 2.6 GB optica)' 

drives. Each removable disk is only $119 (MSRP) and has all 

estimated shelf life up tot 00 years! And now, Vertex-based 
" 

optical library systems ari .available in capacities ranging from 40 Gigabytes 

to 2.5 Terabytes for on-line centralized storage in network environments. Go with the 

winning removable storage drive from Pinnacle Micro, the optical storage leader. 

• 

.. • · • • • · • • • · · · • · · · · · · 

THE 0 P TIC A L S TOR AGE COM PA N V . 
The Pinnacle Micro log~ is a registered trademark of Pinnacle Hicro Inc. 

All other trademarl(s ~ lrademarkl of their respective owners. Tel: 714-789-3000 -Fax: 714-189-3150 - http://www.pinnaclemicro.com 
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Who's putting tomorrow together? 
People with vision, who can look at a PC 
and see the future there. People who 
imagine group video communication, inter
active television, 3D virtual environments, 
and more - a world of new possibilities in 
a single package. People whose minds are 
al ive to the potential of multimedia. 
If that's the race your imagination's running, 
we're right alongside you. Setting the pace 

with a complete range of digital audio, video 
and graphics solutions to help keep you 
ahead. W ith our new TriMedia processor 
for high end programmable media proces
sing. And dedicated chipsets for applications 
like desk-top video, video conferencing 
and games, ready to build into your 
motherboard. And with innovations in bus, 
peripheral and interface technologies, sup
porting common standards like PCI and USB. 

USA tel. + 1-800-447-1500, ext. 1317. Europe fax. +31-40-272-4825. quote "PC". Asia fax. +852-2811-9173. quote "BYT", 



With the latest graphics technology that 
makes high real ism 3D possible - and 
affordable, including leading edge video
graphics controllers, CD-ROM-based 
technologies, imaging and display. Run with 
them and who knows how far your 
imagination can take you. So see the future 
today at www.semiconductors.philips.com. 
Because together we can make tomorrow's 
multimedia come alive. 

Or visit us at: Comdex, L2625 or Electronica, Hall 24,64 

PHILIPS 
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The new network CD-ROM 

server,AXIS StorPoint COTH
, 

enables you to share 

and access CD-ROMs 

over your network fast 

and easy. It supports all 

computer systems simultane

ously, including Windows NT, 

NetWare, Unix and Intranet. Place it 

wherever you want and connect up to seven 

CD-ROM drives of any brand. 

AXIS StorPoint CD™ installs in minutes and oper-

ates entirely independent of any fi le server - no file 

server down-time. There are no additional costs since 

AXIS StorPoint CD™ is software and licence free. 

EXPERIENCE THE 

EASY WAY 
TO 

NETWORK 
YOUR CD'S 

To configure simply use a AXIS StorPoint COTM does the job. 
WWW browser or other 

existing tools. It works 

as an instant WWW 

server, with CD's accessible 

from your Web-browser in 
NetWare 

seconds. AXIS StorPoint CD™ can be 

upgraded from 2 to 32 Mb of RAM for faster cach-

ing. It's also easy to upgrade the software, for in-

stance over Internet. You can get our new CD-ROM 

server either as a self contained box or as a tower 

module for easy tower integration. 

For more information on the AXIS StorPoint CD'M 

and how to get in touch with your national 

distributor, give us a call or visit us at 

http://www.axis.sel. 

AXIS· 
COMMUNICATIONS 

A)ds CommunicationsAB 
ScheeleWgen 16 
SE-223 70 Lund, Sweden 
Phone: +4646 270 18 00 
Fax: +4646 1361 30 

Makes Your Work Smarter sales@axis.se http://www.axis.se! 
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!~~~~!~~~~i~;~~;~~~~~ production repo~~rtJlin~g~, IEtilDig 

1!l1Iiiii~~~fI:-lli;er , query and reporting, 
unbeatable. This award-winning tool's familiar, easy-to-use 
Microsoft look and feel belie the awesome power of its true 
object-based technology. IQ/Objects sup
ports everything from simple ad hoc 
queries to the most sophisticated cross tab
ulations. Reusable objects let users com
bine new queries and reports with previ-
ously saved ones to create sophisticated 
reports easily and qUickly. A selection of templates makes it 
easy to create presentation-quality results in minutes. 

and job monitoring facilities. This elegant three-tier archi
tecture implementation harnesses the power of servers 
(UNIX and NT) to reduce network traffic and deliver 
a scalable, manageable, high-performance solution. 
IQ/SmartServer cures fat client performance problems 
without limiting user access to information. 

IQNision works directly with relational databases and 
Arbor's Essbase or can be implemented with its own 
MOOB to deliver a complete OLAP solution. For robust 
multidimensional and drill-down analysis, nothing is easier 
to use or functionally as rich as IQNision. An intuitive 
interface displays information in interactive charts or cross 
tabs, allowing any user to visually slice and dice, drill up 
and down, nest dimensions, flip axes, and rotate dimen
sions - all with point and click simplicity. 

© IQ Software Corporation 1996: The IQ Software logo is a registered trademark and IQlObjects, IQlSmartServer, IQNision and IQlLiveWeb are trademarks of IQ Software Corporation. All other product 
names are trademarks or registered trademarks of their respective companies. IQ Software Corporation (770) 446-8880, fax: (770) 446-032 1, emai l: info@iqsc.com, World Wide Web: http://www.iqsc.com. 



... :~ll1.(l..i!veW.eb. •.. usel:'S can request and view reports anytime, 
lIliing a standard Internet browser, IQlLiveWeb lets you 
and f)Uild database reports, charts and cross tabs. 

Server-based publishing makes it easy to keep those 
reports current. Simply tell IQlLiveWeb the 

schedule. That's it. IQlLiveWeb automatically 
executes your requests, refreshing the infor
mation and publishing it to your intranet. 

Special Offer! For a limited time, down
load a fully operational copy of IQlLiveWeb, 

valued from $4,000 to $20,000, absolutely 
free. See http://www.iqsc.com for details. 

Start the sparks f1yingl Contact us today for details on our 
industrial-strength tools. 

800-458-0386 

info@iqsc .com 

http://www.iqsc.com 

European Subsidiaries & Affiliates; UK (44) 1-962-844-777, France 33 (1) 474-903-04, Italy-Dexia Italia (39) 6-517-933. International Distributors; Australia (61) 2-369-1932, 2-975-7669, 2-436-2788, 
Canada-Information Access (416) 620-5811, Chile (56) 2-341-4785, Hong Kong (852) 2541-9900, Mexico (52) 5-575-6098, Singapore(65) 298-3838, South Africa (27) 11 -421 -4800, Spain (34) 50-27-55-1 1. 
For distributors in an other Pacific Rim countries, call (65) 334-1936; European countries call the UK office; and all others call IQ Software's US headquarters. 
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Computing Crossroads 
Will it be Intel inside or Java everywhere? 

.. --.. his month, our Cover Story 
(which is the State of the Art 
section) highlights the most 

.. __ .. radical bid in years for a new 
computing platform: Sun Microsystems' 
Java chip/Java language combination. 
This is not just an alternative to Intel! 
Microsoft computing, a la the Power
PC/Mac OS package. It's a reinvention of 
the computer into a more universal, ver
satile, and interoperable device. The Java 
model could obliterate many of the dis
tinctions between standard computers, 
embedded systems, and products still to 
come, such as intelligent cable boxes 
and cellular phones. 

For years, we've lived with chips that 
will run almost anything and languages 
that will run on almost anything. Java 
chips will give us performance where 
we need it-running Java applications
while the Java environment will give us 
interoperability with every other hard
ware platform. 

Sun hopes that electronic designers, 
corporate information technology (IT) 
departments, and, ultimately, end users 
will find this so compelling that they 
will leave behind the Intel architecture. 
However, it's a tall order. Look at how 
hard it's been for the mighty PowerPC 
troika of Apple, IBM, and Motorola to 
make headway against the x86line. 

Still, I think Sun will win a significant 
place with its Java chips. In the last year, 
we've started to hear some awful gnash
ing sounds coming from Redmond, as 
Microsoft grinds off a few gear teeth 
trying to keep up with the paradigm shift 
toward the Web. On the hardware side, 
Intel hasn't made any major adjust
ments to the infobahn. Check out our 
story on Intel's road map ("Thex86 Gets 
Faster with Age") on page 89, and the only 
new signs that you'll see are those for mul-
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timedia. Keep those MIPS coming! 
There's no question that simpler, 

cheaper, faster PCs will spread comput
ers to people who have never used them 
before. As business communications and 
public commerce march re lentlessly 
toward computerization, the network 
computer (NC), or Web PC, or whatever 
you call it, will proliferate (see "Inside the 
NC" on page 105). Ditto for new devices 
we haven't named: the wireless gameboy
phonebrowseremotecontrol and such. 

But Sun may be ahead of its time. 
When will the network infrastructure 
arrive to make fully networked comput
ing possible? It will definitely be a year 
that begins with 20 before we have the 
kind of end-to-end digital broadband net
work we'll need. 

So don't put all your money on one 
horse just yet-you'll need both Java and 

think about computing. Can it be a coin
cidence that Microsoft has revived its 
hand-held computer OS project, now 
called Pegasus? Or that Oracle hopes Intel 
will buy into its Network Computer con
cept? That's not the end of it: Look for 

It will be a year that begins with 20 before we have 

the kind of broadband network we'll need. 

Wintel for the foreseeable future. Java 
chips and the Java language will solve 
some of client/server's thorniest prob
lems. (Do you really want to individually 
maintain hundreds of PCs that are noth
ing more than cash registers or data-entry 
terminals?) The Java duo will also make 
lots of cool but dumb stuff like cellular 
phones much smarter. 

Yet our familiar OSes and applications 
make the classic PC-Intel, Power PC, or 
whatever- much more flexible than 
those devices will ever be. Throughout 
the next decade, I may want a Java unit 
for the office and a self-sufficient but con
nectable machine for computing on air
planes or when I'm otherwise outside the 
wired urban hubs of the world. 

Win, lose, or draw in the commercial 
war, Java has already changed the way we 

traditional OS vendors to let you turn the 
desktop GUI into a screen onto which 
you project server-based applications, NC
style. 

Users' interests lie in being able to flex
ibly combine the best elements ofthe Java 
concept with the best of what we have 
now. For example, products such as Notes 
and higher-end database managers can 
choreograph local and centralized data 
management. Make that skill widely 
available to all sorts of applications, and 
we'll have the best of both worlds. 

Mark Schlack, Editor in Chief 
mschlackcDbix.com '" '" '" 
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The Future On-line 

I found the vision of the on
line future that Mark 
Schlack described in "Smart, 
Fast, and Well Connected" 
(September Editorial) stimu
lating and bracing. Howev
er, I don't believe that vision 
will be fully realized until the 
companies concerned with 
building the global infra
structure forget the idea, at 
least for a quarter of a 
century, of making substan
tial money out of it. The 
Internet arose out of a sense 
of collective experimenta
tion that had little to do with 
the profit motive. Tim Bern
ers-Lee is not as wealthy as 
Bill Gates by a long way! 
Paul Richards 
East Finchley, London 

I agree it will take visionaries 
to make the intelligent net
work happen, but they won't 
have to ignore the profit 
motive. For some time, the 
telecom industry has been 
making the transition from 
hardwired, inflexible switch
es to a software-defined net
work, and for their own rea
sons: efficiency, manageabil
ity, expandability, and the 
ability to sell value-added 
services. Once the network is 
programmable, nearlyany
thing is possible. The biggest 
obstacle will be for carriers 
to act more from their cus
tomers' perspective. -Mark 
Schlack, editor in chief 

Wizard Review 

Kudos to BITE for the crisp 
and substantive review of 

the OS/2 Warp 4.0 beta ("You 
Talk, Warp Listens," Sep
tember). I have my sights set 
on installing Merlin as soon 
as it arrives, and the article 
gave me sufficient edge to 
coordinate my program
ming strategy starting today. 
Now I will pass around that 
issue of the magazine to my 
30 OS/2 coworkers, and I will 
buy future issues. 
Mark A. Ehlen 
Germantown, MD 
me13@cornell.edu 

Cover Story 
Uncovered 
BITE is usually pretty good, 
but the August cover is mis
leading. There is no article 
called "Run Your Business 
on the Web" but rather 
something called "Your Busi
ness Needs the Web." These 
are not even remotely the 
same thing. To run a business 
you need marketing, pro
duction, financial, and per
sonnel strategies. Your arti
cle doesn't touch on these. 
And yes, I really did expect it 
to, or at least to show exam
ples of businesses that are 
unique in how they exploit 
new opportunities enabled 
by the Web. I don't care 
what not-far-profit organi
zations like NASA and Har
vard are doing with mam
moth budgets and half the 
brainpower in the free 
world; show me what 
economies my business can 
achieve or how it could be 
transformed in the short as 
well as the long term. 
Greg Graham 
gregg@idacom.hp.com 

Refreshing! 

I get sick of all the hype and 
misrepresentation about the 
huge shift that has happened 
with the Internet. So many 
articles, so little substance. 
"Your Business Needs the 
Web" was different. It was 
well written, well 
researched, and informa
tive- a breath of fresh air. I 
think you actually touched 
on the real issues, chal
lenges, and exciting 
prospects facing all us poor 
slobs who have to imple
ment this stuff. 
Ryan Sutter 
Ryan.Sutter@mortenson.com 

Thanks! Used to be, I wrote 
about a lot of things that 
were far removed from what 

I did on the development side 
of BYTE's business. Now I 
build things and write about 
what I learned. What cuts 
through all the Internet hype 
for me is simply the fact that 
this has become possible. It's 
just plain exciting. - Jon 
Udell, executive editor 

Inspiration 
and Perspiration 
Let me be the one-millionth 
customer to point out that 
Thomas A. Edison did not 
exactly work "on his own" 
in his lab ("The Elements of 
Design," August) . He may 
have in the early days, before 
he set up his lab, but not lat
er. He had lots of assistants 
with whom he interacted 
and to whom he assigned 
"polishing up" tasks. Many 
historians feel that those 
people received nowhere 
near the recognition they 
deserved. 
K. Steven Knudsen, Ph.D. 
Resolute Research Ltd. 
Calgary, Alberta, Canada 

You're not quite the mil
lionth customer to point this 
out. However, you're the first 
to realize that I was talking 
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ers! www.byte.com. 

BY FAX 
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tors@bix.com. To reach 
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on the Web for a direc-
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J~~~~ ____________ ~ 
about his early days. I cer
tainly did not intend to 
rewrite history. It might have 
made good closure to the 
article to point out that Edi
son adopted this administra
tive model for his research 
work. The same model is 
used today, but on a larger 
scale. -Tom Thompson, 
senior technical editor 

Token Token Ring 

In this age of political sensi
tivity, I was disappointed to 
see you slip into a minority
unfriendly attitude in 
"Main streaming Pentium 
Pro" (August). No, you did
n't bash a political minori
ty-just a technical one. A 
significant portion of the 
nerworked world uses Token 
Ring, and we know that 
"built-in nerworking" is 
media slang for "built-in 
Ethernet," which for us 
translates into "a tax on 
minorities." May the Deity, 
if H/She exists, bless AST for 
not wasting the electricity 
and materials for such a 
device on those of us who 
live happily without. Other
wise, nice job! 
Tim Schultheis 
Victoria, MN 

OS Insecurity 

, In ''Air-Tight Windows NT" 
(August), author Jim 
Reynolds states that the u.s. 
National Security Agency 
granted Windows NT 3.5 C2-

level approval. What few 
people know is that this eval
uation was limited to a 
stand-alone computer and 
did not include nerwork 
interfaces. If a user hooks up 
an NT server to a nerwork, 
the computer can no longer 
be considered C2-secure 
until almost all nerwork 
functionality is disabled. 
Failure to mention this is 
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misleading and lures users 
into a false sense of security. 
The article also doesn't men
tion the so-called "boot flop
py" vulnerability of Win
dows NT. By booting from a 
floppy and using assembly 
language utilities, a person 
can bypass NT security and 
can read, write, and delete 
files from the hard disk with
out leaving a trace. 
KarlPottie 
Rumbeke-Roeselare, Belgium 
karl@vl-brabant.be 

The security features I dis
cussed also apply to net
worked computers. NT is 
currently undergoing net
work evaluation (the NSA 
usually conducts stand-alone 
and network evaluations 
separately). But remember, 
the evaluated configuration, 
which includes hardware and 
software, might not match 
what you have or need. The 
NSA team was aware of the 
boot-with-floppy issue; the 
evaluated configuration pro
hibited physical access to the 
floppy. A less stringent need 
for security might take 
advantage of the common PC 
feature that prevents booting 
from a floppy. Of course, 
without physical security 
this solution can be circum
vented. The bottom line is 
that if you can boot a differ
ent as, then none of the 
security mechanisms of NT 
work. This is to be expected 
with any as. What makes the 
NT case appear different is 
the ubiquitous character of 
the hardware platform and 
the fact it is generally 
designed to boot from flop
py, unlike older, time-sharing 
systems such as Unix. 
-Jim Reynolds 

Xyratex Omitted 

While your news story on 
Serial Storage Architecture 
("SSA Products Deliver Bet-

ter Storage," September 
Bits) was informative, it 
neglected to mention that 
Xyratex supplied the pair of 
eight-SSA-disk deskside tow
er units (S9000) for BYTE's 
testing of this hot technolo
gy. We also manufacture sin
gle-SSA-disk desktop models 
and 16-SSA-disk rack-mount 
units, as well as SCSI RAID 
devices and a complete line 
of test equipment for SCSI, 
SSA, and Fibre Channel 
interfaces. 
Roger Nixon 
X yratex International Ltd. 
71740.3316@compuserve.com 

Mr. Nixon is correct. We 
apologize for the oversight. 
-Editors 

Apache 

I've been reading your Web 
Project column on Web site 
management with growing 
amazement. How can you 
continue to write about the 
Web without ever mention
ing the world's most popular 
Web server, Apache? Apart 
from this glaring deficiency, 
it's an interesting column. 
Ben Laurie 
Freelance consultant and 
technical director 
A.L. Digital Ltd. 
London 
ben@algroup.co.uk 

I use Apache on my main 
conferencing server, a Linux 
machine, and, in fact, I men
tion that in this month's Web 
Project. Currently, I'm 
experimenting with dual
mode NNTP/Web confer
ences, where the primary 
message base is handled by 
INND, but a Web view
which now includes posting 
as well as reading capabili
ty-echoes the message base 
using Apache. The confer
ence, which will now 
become an ongoing accom
paniment to the column, is 

at http://dev4.byte.com/jon
con/threads.html or news:// 
dev4.byte.com/joncon. 
- Jon Udell, executive editor 

Java and Forth 

After reading your August 
issue with all those Java arti
cles and code examples, it 
became very clear that we 
old-timers can pull our Forth 
manuals out of storage and 
put them to use again. If Java 
basically is Forth, is this a 
copyright infringement? 
Thomas A. Naegele, DO 
Albuquerque, NM 
tanman@swcp.com 

The Java and Forth virtual 
machines do share many 
common elements, but the 
syntax of the Java language is 
quite different from Forth's. 
-Rick Crehan, senior tech
nical editor 

Why Not Tao? 

In "Weird, Wacky, and Won
derful" (August Editorial), 
you question whether dis
tributed computing can be 
made to work. The technol
ogy to do this already exists 
in the form of the Tao oper
ating system, which has been 
reported on by your own 
U.K. correspondent, Dick 
Pountain, in "Parallel 
Course" Guly 1994). The big 
advantage of the Tao OS's 
translated system is that the 
speed penalty is only about 1 
percent; this leads inevitably 
to the fact that it reduces the 
processor to a commodity 
item, something that can 
only benefit the consumer. 
For more information about 
Tao's technology, go to 
http;//www.tao.co.uk/. 
Russel Hughes 
rhugesc@cix.compulink.co.uk 

Tao Systems is still actively 
talking to telecom and elec-
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tronics companies but has 
yet to name any licensees. 
That's why we haven't cov
ered the Tao operating sys
tem recently. If any deal is 
announced or new develop
ment occurs, we'll be sure to 
mention it. - Dick Pountain, 
contributing editor 

FIXES 

Due to editing errors, we 
omitted some text in "Cyrix 
6x86 Matches Pentium," 
(September Bits). The $1500 
price we cited in the article 
was meant to refer to the 
approximate cost of the SCSI 

controller with 64 MB of 
memory, not the entire sys
tem. The price at the end of 

the story is the correct 
approximate system price. 
We also said the Cyrix sys
tem had 64 MB of RAM. The 
SCSI controller had 64 MB of 
memory; the Cyrix system 
itself had 32 MB of RAM. 

The rightmost graph in the 
figure "SQL Server Perfor
mance" on page 162 of the 
Quad Pentium Pro Server 
comparison (September) 
was mislabeled. The scale at 
the bottom should have read 
1 to 4, reflecting the number 
of processors. 

In "Microsoft Catches Up 
with Netscape" (Septem
ber), we referred to "Sun's 
JavaScript." JavaScript is a 
Netscape product. 

COVER STORY 

The Microprocessor at 25 
BYTE examines how, in 25 years, the microprocessor has 
changed the world. We'll also explore the evolution of 
microprocessor design and where it's going, and we'll 

bring you the views of industry luminaries on the impact 
offuture advances in computing technology. 

EXCLUSIVE! 

Hot New Processor 
We take a detailed look at Exponentia l's PowerPC

compatible bipolar ch ip, which delivers clock speeds in the 
range of 500 MHz. 

STATE Of THE ART 

Next-Generation Internet Applications 
As a platform for distributed applications development, 
the Internet is dynamic but immature. BYTE takes a close 
look at evolving standards for directory services, e-mail, 
and security and explains what they'll mean for develop-

ers deploying enterprise-wide applications on the 
Net of 1997 and '98. 

HARDWARE LAB REPORT 

Network Laser Printers 
NSTL tests monochrome laser printers with output speeds 
of 17 to 32 pages per minute. Here's where to find the one 
that can meet the needs of large corporate departments 

and small businesses. 

SOfTWARE LAB REPORT 

Lotus Notes and Microsoft Exchange 
Which of the groupware heavyweights is best for your 
business? NSTL's in-depth report will help you decide. 



Manageable Fault-Tolerant Storage 
Lasting quality and reliability are built into every nStor 

RAID system. From the easy-to-use Alert Manager soft

ware to the redundant hot swap components, data 

you to switch RAID levels or capacity on-the-fly. You can 

also configure a hot spare for automatic data reconstruc

tion without user intervention. So whether you're look

integrity is our first priority. nStor systems 
~--~--~--~--~ 

are the first to incorporate 

the SAF-TE (SCSI 
~--~~~--~---+~-.~~=---r---~--, 

Accessed Fault-Tolerant CR2 
I----r---+_--~---r--_+--~----~--+_~ 

• • Enclosures) standard CR6e 
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• • 
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ing for manageabili

ty or reliability nStor 

RAID systems meet 

your needs. nStor systems sup

port RAID levels 0, 1, 3, 5 and 

are compatible with FAST 

technology to protect your investment In addition, nStor WIDE SCSI. Call for more information or visit us on the 

utilities provide unmatched manageability which allows web at http://www.nstor.com/ 

nStor. Fonnerly Conner Storage Systems 
1.800.RAID511 T 407.829.3500 T Europe: +44(0) 1234 213571 
C1996, nStor Corporation, Inc. All trademarks are of their respective owners. Specifications subject to change without notice. 
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Preventative Medicine: 
Management tools help 

you monitor, analyze, and 
control your pes and 

keep them healthy. 

The dependability 
of Intel 

archi tecture. 

Pentium® Pro processor
based systems and the 

right manageability tools, 
like Intel's LANDesk® 
Management products, 
can save you money on 

support and maintenancet 

©1996 Intel Corporation. *lndicated names are 
trademarks of other companies. tWhen compared to 
systems without software and hardware assisted 
manageability tools. ttRcfcrs to 32~bit perfonnance 
as compared to the Pentium processor. 
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I 
/I 

d Standards-based 
IYJ management software 

• ') 

d Built-in hardware 
IYJ InstrumentatIOn 

v 
We'd be happy to tell 

you even more. 
Just visit our Web site. 

5.5 Million Transistors. 
(Go ahead, count'em.) 

PROUD PARTNER 

The right choice for 
Windows NT,' 
Windows ' 95 
or any other 
32-bit operat
ing system. tt 

Manageal1 



man"age.il. bil'i.ty, 
n, the ability to simplify and automate the maintenance 
and support of business computing with the right 
hardware and software tools, i.e., Pentium Pro processor
based systems with the right manageability software. 

ility defined. 
intet 
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News & Views 

Windows for Tiny pes 
Seamless information synchronization with desktop PCs 

will highlight Windows CEo 

.. --.. f at first you don't succeed, try 
again. Following an earlier 
effort to develop an as for 

.. __ .. hand-held devices, Microsoft 
will release an as called Windows CE this 
fall. The first products based on the new 
as, which is code-named Pegasus, will be 
hand-held PCs that are about the same 
size as today's Psion 3A and Hewlett
Packard's 200LX. 

Unlike these other devices, however, 
the new Windows CE hand-held PCs will 
feature an as that provides a Windows 
95 look and feel. Windows CE will also 
offer programmers a subset of the Win32 
APls, making it easier for developers 

familiar with those interfaces to write 
applications for these new hand-held 
PCs. Microsoft says that Windows CE will 
also be appropriate for such items as cel
lular smart phones, digital information 
pagers, and entertainment and multime
dia consoles. 

The first Windows CE hand-held PCs 
will likely be released late this year. They 
will ship with slimmed-down versions of 
popular applications such as Microsoft 
Excel and Word, although the CE ver
sions will probably offer only some of the 
features available in desktop applica
tions. The devices will reportedly let you 
synchronize information with Schedule 

Surf Now, Fly Later 
From 3Com (aka Candlestick) Park to rock 
concerts, Internet-access terminals are 

down and one stand-up access terminal, 
plus two stations for phone service. An elec-

tronic card-reader slot 
will accept credit-card 
payments. GTE, which is 
installing the terminals, 
will also provide the 
ISDN connections. 

showing up in various 
mainstream venues. Now 
they are also arriving in 
airports and hotels. 
Atcom/lnfo, which is a 
San Diego-based pro
vider of public commu
nication and information 
resources, will have 10 of 
its Internet-access kiosks 
(see the picture) installed 
at Dallas-Forth Worth 
International Airport. 
From there, business 
travelers will have access 
to e-mail, the Web, Inter- Web Surfing at DFW 

If you're too busy to 
stop atthe airportto do 
some Web surfing, or to 
dash off a last-second 
e-mail message, per
haps you can do so when 
you get to your hotel. 
Atcom/lnfo is develop
ing Internet-access sys-

tems for hotels that will 
net newsgroups, ticketing services, infor
mation about local attractions, and other 
information. Each kiosk will have one sit-
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allow busy business travelers to log in on 
the road even if they have forgotten their 
notebook. -O.A. 

Windows 95 look and feel 

Backed by several hardware 
manufacturers 

Device price near $ 500 

First release slated for this month 

Plus and possibly other calendar pro
grams from your desktop. 

Microsoft declined to comment in 
depth on the devices or the as, but com
pany officials say the hand-held PCs will 
offer strong connectivity to Windows 
PCs. Initially, companies such as Casio, 
Compaq, HP, LG Electronics, NEC, and 
Philips Electronics will offer them. Com
paq, perhaps PDA-shy from its initial 
work with the abortive WinPad as, will 
reportedly resell a hand-held PC made by 
another company. 

Windows CE is a 32-bit, multitasking, 
multithreaded as. It is also portable to a 
variety of microprocessors, such as Hi
tachi's 32-bit SH3. Processors from NEC 
Electronics and Philips Semiconductor 
can also be used in Windows CE hand
held PCs. The as will be stored in 5.5 
MB of ROM, according to reports. 

These hand-held PCs will probably sell 
for about $500. Whether they will be 
breakthrough products that breathe new 
life into the market or just another bust 
in a field littered with failures remains 
to be seen. However, even if Windows 
CEisn't perfect in its first release, it's pos
sible that Microsoft will continue to 
improve the product until it is as popu
lar in the hand-held PC arena as Windows 
95 is on the desktop. -Dave Andrews 



Web Info 
the Way You 
Want It 
The strength of the Internet, its vast col
lection of information, is a double-edged 
sword. You can spend hours looking for 
something without finding it. To address 
this problem, several new products and 
services let publishers deliver information 
over the Internet in a focused way to the 
people who most need it. 

Search tools such as Yahoo and Alta 
Vista can help you find something more 
quickly on the Web, but sometimes you 
still have to browse through many bad hits 
before you find what you want. Off-line ' 
browsers can download information from 
Web sites while you sleep, but they don't 
help if your job requires instant access to 
the latest information. If you've config
ured your off-line browser to download 
information at midnight, you may not get 
an important piece of news that breaks 

The Internet is growing so fast that we 
can't keep up with it. It's where everything 
cool in the computing world is happening, 
and nothing can stop it from growing. 

Yeah, but a recent report by Yankelovich 
Partners (Norwalk, en, a market research f irm, 
indicates that the Internet is at a crossroads, 
and that unless the cost of access devices such 
as pes and modems improves, the rate of 
Internet growth will decline, The firm says the 
annual average growth rate in the number of 
cybercitizens will decline to 20 percent by the 
end of the year unless the price to play on the 
Internet comes down, Another caution flag : 
Between May 1995 and May 1996, average 
on-line time fell by 25 percent, from just over 
16 hours to 12 hours, 

early the next morning for another 24 
hours. 

New services that address the above 
problems let information-oriented busi
nesses deliver just the news you care about 
directly to your Pc. Subscribers to these 
services specify topics they are interested 
in, such as business competitors or stock 
prices. When news about those topics 
breaks, it is sent to your Pc. 

Pointcast's (http://www.pointcast.com) 
advertising-supported service allows you 

BackWeb can deliver news as an audio message. 

a news flash. or in an information package. 

to customize which kinds of topics you 
want to know about from a variety of news 
sources, such as Reuters, newspapers, and 
others. A new product from Pointcast 
called Iserver ($995 per server CPU) lets 
corporations distribute information more 
efficiently over an intranet. 

BackWeb's (http ://www.backweb.com) 
namesake product suite lets content 
providers create information-delivery 
broadcasts and send information to a wide 
audience or just a single end user. The 
BackWeb server console lets you track 
detailed statistics of how users interacted 
with information, and a scripting language 
allows you to control how information 
appears at the end user's desk. WavePhore 
(http: //www.wavo.com) is also getting 
into the Internet and intranet real-time 
news-delivery business to complement its 
current broadcast services. And NetGuide 
(http://www.netguide.com). an on-line 
guide to the Web, will deliver content 
based on your information preferences. 

One problem for would-be content 
providers is that some ofthese server plat
forms can cost thousands of dollars. That 
price is prohibitive for many small-size and 
midsize businesses, says Ross Rubin, senior 
analyst with New York City-based Jupiter 
Communications (http://www.jup.com). 
an Internet consultancy. He also says that 
a subset of what vendors such as Pointcast 
are offering may be available in a few years 
from standards-based Internet e-mail and 
even sooner from Web-server and data
base vendors. 

John MacFarlane, CEO of software.com 
(http://www.software.com). aproviderof 
standards-based Internet mail servers, 
agrees. Already, says MacFarlane, the new 

lMAP 4 standard lets mail users store Inter
net mail on servers instead of having to 
pull them onto a client machine. This lets 
active agents automatically file mail to the 
correct folder on the e-mail server. AI
though this filtering doesn ' t currently 
approach the level of functionality offered 
by services such as Pointcast and BackWeb, 
MacFarlane points out that the standards 
will continue to evolve. Also, discussions 
are under way among vendors to improve 
the integration among e-mail server and 
client programs. Improved integration 
would let someone using a program such 
as Qualcomm's Eudora create sophisti
cated filters that work well with any stan
dard Internet mail server. Until then, prod-

. ucts such as Pointcast provide a valuable 
filter for people who want targeted, fresh 
information updates, -D.A. 
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PICTURE THIS: 
6X CD-ROM, 

11.3" DISPLAY AND 
ZOOMED VIDEO. 

NOW 
PICTURE THIS: 

$2499: 



Jl.3:? 

PENTIUM@ PROCESSOR 
A 100MHz Pentium processor 

and 40MB of EDO memory 
can speed up any multimedia 
presentation. Plus, the 2.9v 

FULL-MOTION VIDEO 
With Toshiba's Zoomed Video 

technology and a ZV PC Card, you 
get full-screen, full-motion video 

and MPEG support without 
sacrificing system performance. 

/ 

800 x 600 RESOLUTION 
Sure, the screen is huge. And it 
also has 800 x 600 resolution, 

. which means that every inch of 
. viewing area delivers crystal-clear 

definition and vibrant colors. 

processor was designed 
specifically to maximize 

notebook battery life. 

EXPANSION __ 
Satellite Pro's two PC Card 

slots unlock a world of expansion 
capabilities. And the optional 
NoteDock · I Enhanced Port 
Replicator offers additional 

PC Card slots as well as 
easy connection to your 

desktop setup. 

INTRODUCING THE NEW SATELLITE PRO~ When it comes 

to multimedia features, the Satellite Pro offers the big picture at a small price. It all starts 

with a huge display and full-motion video to make your multimedia presentations 

look more like feature films. And it's easy to take your show on the road with 
~;;tdl 
~~~311J. 
Microsoft

a lOOMHz Pentium processor, up to 40MB of memory and a massive hard drive. Windows' 95 

Add to that a 6X CD-ROM, integrated AC adapter and PC Card slots and you've got 

more than you need to get the job done. So when you want some real 

portable power, pick up the Satellite Pro. No other notebook can give 

you so much for so little. For more information visit the Toshiba 

website at http://computers.toshiba.com, or for a dealer near you, 

call 1·800·457·77 77. 

In Touch with Tomorrow 

TOSHIBA 

________ ADVANCED MULTIMEDIA 
With a 6X CD-ROM, microphone, 

speaker and stereo headset, 
Satellite Pro offers the most 

advanced multimedia features 
you can get at this price. 

Solellile Pro 
420COT* 
• 11 .3' dia. color active·matrix 

TFTdisplay 
• 1.3 billion byte (= 1.26GB) hard drive * * 
420COS* 

• 16·bit Sound Blaster' Pro 
compatible audio system with 
microphone, speaker and 
stereo headset 

• Two stacked PC Card slots 
(two Type II or one Type III) 

• 11.3' dia. color dual-scan DSTN display • IrDA compliant 

• 810 million byte (=772MB) hard drive • Lithium Ion battery 

BOTH MODELS • Integrated AC adapter 

• 1 OOMHz (2.9v) Pentium' processor 
• 8MB of EDO DRAM expandable to 40MB 
• Modular 6X CD-ROM and 3.5' floppy 

drive, swappable in the SelectBa{ 
• MPEG support via ZV Port technology 

(requires optional PC Card) 
• HiQVideo' graphics controller 

• Optional NoteDock- I Enhanced 
Port Replicator 

• Windows' 95 or Windows' for 
Workgroups included 

• 3-year limited warranty 
• Toll-free technical support -

7 days a week, 24 hours a day 

The World's Best Selling Portable Computers. 
©1996 Toshiba America Information Systems. Inc. All prices, specifications and availability are subject to change. t Price is for 420CDS model, price of 420CDT model begins at $3299. * The 420CDT and 420CDS 

are sold at selected resellers as the 425CDT and 425CDS with Windows' 95 and additional pre-installed software. **The 425CDT comes with an 810 mi llion byte 1=772MBI hard drive. All products indicated 
by trademark symbols are trademarked and/or registered by their respective companies. Intel Inside and Pentium Processor Logos are trademarks of Intel Corporation. 
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Cyrix 6x86 Bug 
Puts Brakes 
on NT 4.0 
Cyrix has apparently fixed a bug in its 
flagship 6x8 6 processor that results in 
sluggish performance of Windows NT 
4.0, but not before chips affected by the 
bug reached the market. This bug, uncov
ered by Microsoft during its prerelease 
tests of NT 4.0, caused the new OS to 
crash. To guarantee NT 4.0's stability, 
Microsoft added code that disables write
back caching in the 6x86's on-board 
cache. Tests BYTE performed on a Cyrix 
PC with the I50-MHz 6x86-P200 + pro
cessor revealed that applications running 
under NT 4.0 on a Cyrix chip containing 
the bug suffered a performance degra
dation of about 30 percent, compared 
to later revisions of the 6x86. 

Cyrix says it hasn't identified the spe
cific problem in the 6x86 that caused the 
instabili ty during Microsoft 's testing. 
" We're trying to figure out what exactly 
is going on," said a Cyrix spokesman. 

BYTE has confirmed that a new version 
of the 6x86 (designated as revision 2.7 by 
Cyrix ) doesn' t exhibit the slowdown, 
indicating that NT 4.0 can distinguish 
berween defective and fixed versions of 
the chip. If NT 4.0 detects one of the fixed 
chips, it runs at standard speed with the 
chip's internal cache fully enabled. 

Cyrix would not specify what changes 

NT Slow on Some Cyrix 6x86 Chips 

Adobe PageMaker 

CorelDraw 6.0 

Lotus Freelance 96 

Lotus WoniPro 96 

MS Excel 7.0 

MS PowerPoint 7.0 

MSWonl7.0 

Paradox 7.0 

Score 0 

, " , 

50 

" 

. , 
" ,n_:= 

I I CJ Defective , \ . :'''7 

100 150 200 

A 100·MHz Pentium PC with 16 MB of EDO memory, a Quantum Fireball 1280A IDE hard drive, 
256 KB of L2 cache memory, and an 53 Trio 64V at 1024 by 768 pixels by 256 colors video card , 
equals 100. Cyrix system tested with 32 MB of RAM, 

Real-world applications show the 6x86 slowdown. 

it made in the chip or the manufacturing 
process berween revisions 2.6 and 2.7 that 
may have fixed the problem. Company 
officials said it is Cyrix's policy notto dis
cuss the specifics of chip revisions. 

When asked about the 6x8 6/NT prob
lem, Microsoft stressed that NT 4.0 is sta
b�e on all certified platforms, including 
all versions of the 6x86. Once Microsoft 
discovered that a 6x86 couldn't complete 
the company's so-called stress tests, it 
alerted Cyrix, and both companies devel
oped a workaround for the problem. 

In the workaro und, the companies 
added a series of instructions to NT 4.0 to 

identify problematic 6x86es. When a chip 
with the bug is found, NT 4.0 changes the 
chip 's internal cache operating mode 
from write-back to write-through. As a 
result, all memo ry writes, even those 
cached inside the chip, force an access 
to system memory. T his change let the 
6x86 complete Microsoft's testing, but at 
the cost of reduced system performance. 
Cyrix says it is investigating whether a 
sofrware patch to NT 4.0 will correct the 
problem. The company also says that 
other members of its 6x86 family that run 
at slower clock speeds may be affected by 
the NT slowdown. 

Cruising Twenty-First Century Style 

Measured by the SYSmark/32 bench
mark suite of eight real-world Windows 
applications, a 6x86 with its write-back 
caching disabled turns in poorer NT 4.0 
performance than a 133-MHz Pentium. 
One vendor who sells Cyrix-based sys
tems didn't seem worried by the perfor
mance problem. Art Afshar, who is pres
ident of M icro Express (Irvine, CAl, 
said that most of his customers buy a 
6x86-based PC to run Windows 95 and 
choose the Pentium Pro to run NT. How
ever, about 25 percent of the people who 
responded to an article about the Cyrix/ 
NT performance slowdown that BYTE 
posted to its Web site said they had either 
bought or were strongly considering a 
6x86-based PC as a platform for running 
NT. Afshar said that the company will 
replace the chip for customers with 
slow NT 4.0 performance on a 6x86. 

r----..., Smart cruise controls for cars 
could prevent drowsy drivers 
in the future from drifting 
out of their lane or driving 

'--___ ...J too fast around a curve. To-
day's cruise-control systems let you set a pre
ferred speed at which your car will travel, 
freeing you from the tedium of stepping on 
and off the accelerator on long drives. Re
searchers at the Robotics Institute at Carn
egie Mellon University (Pittsburgh, PAl are 
working on next-generation systems that 
combine visual sensors and microprocessors. 
These intelligent systems will change speeds 
relative to the curvature of the road. They 
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will also be able to warn you if you are not 
traveling in the correct lane and alert you to 
potential obstacles, even ones you can't see. 
Another possibility is maintaining a certain 
distance between your car and the one in 
front of you. 

This is one of several new uses of robotics 
(for others, see this month's interview on 
page 48). Takeo Kanade, director of the 
Robotics Institute, says smart cruise-control 
systems should be ready in about two years. 
However, before they start showing up in 
cars of the twenty-first century, car manu
facturers and the public will need to accept 
the concept. -O.A. 

Cyrix recently began direct-marketing 



'.11 RAD Tool That Aces The Competition" Pmr Coff«, PC Wetk, Jun t 10, 1996 

• Component-basedRAD c ++ 

• Drag-and-drop programming 
• Over 220 components and classes 
• Build and exp"'it Powersoft" Data Windows 
• Native drivers for Sybast!", Microsoft", 

Oracl!", InformV!', DBI:!", and more 
• Scalable Sybast!" SQL Anywhere~ database 

• Exceptionally tight, fast code 
• Build and debug CGl, NSAPI and ISAPI 

custom application servers 

• Powersoft ObjectCycle for team deve"'pment 

PCWEEICIA8S 
ANALYST'S 
~!OJ!!! 

Now you can deliver extraordinary presentation capabilities made famous 

solutions - at an extraordinary speed. in PowerBuilder*. For Internet devel-

Optima++ N revolurionizes develop

ment by allowing you to quickly build 

client/server and Internet applications 

using visual component assembly, 

drag-and-drop programming and the 

full power of C++. 

For cliendserver development, 

the new DataWindowN control gives 

you point-and-click database access, 

powerful extended attributes, and 

opment, Optima++ delivers visual 

component assembly and seamless 

remote debugging so you can create 

high-performance applications and 

custom application servers. 

Choose the edition that's right 

for you. Optima++ Developer delivers 

approachable C++ for cliendserver 

development. Optima++ Professional 

adds powerful features for the corpo-

rate developer including DataWmdow 

technology and Internet development. 

Optima++ Enterprise takes scalability 

and performance to the next level 

with native database drivers and 

ObjectCycleN for team project 

management. 

So don't just read about this 

revolutionary RAD tool. Order yours 

today and let Optima++ take your 

development to new heights! 

IPowersolt 
Circle 1 78 on Inquiry Card. 

Get Optima++ Developer, Professional, or Enterprise today: 1-800-395-3525 or www.powersoft.com 
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its own brand of PCs built around the 
6x86p. W hen asked if Cyrix would pro
vide a chip that runs at full speed under 
NT 4.0 to customers who request one, 
Steve Tobak, vice president of marketing 
at Cyrix, said that it would offer a soft
ware fix if one is available. Or, he added, 
at the user 's option, Cyrix will replace 
the chip. -Robert L. Hummel 

CD-ROM Weds 
the Web 
Although digital videodisc (DVD), the 
impending new CD-ROM standard, is 
currently attracting much attention, 
another important trend in optical stor
age is the marriage of the CD-ROM and 
the Internet's World Wide Web. Hybrid 
CD-ROMs are titles that include on-line 
communications, such as links to Inter
net sites where users can access expanded 
content. According to InfoTech (Wood
stock, VT), a CD-ROM research and con
sulting firm, hybrid CD-ROMs are ex
pected to account for nearly 10 percent 
of all CD-ROM titles in print worldwide 
by 1997. 

Hybrid CD-ROMs have numerous 
advantages. A publisher can put high
quality video clips on the CD-ROM, in
stead of making you squint at postage
stamp-size, slow video as it transmits over 
the Internet. Game developers can estab
lish links to Web sites that let you down
load gaming scenarios or participate in 
networked multiplayer sessions. Edu
tainment developers can create titles that 
have a link to an on-line interview. For 
example, a new title from the Graphix 
Zone (Irvine, CA, (800 ) 828-3838 or 
http://www.gzone.com/ ) called Herbie 
Hancock Presents Living Jazz includes 
links to an FTPsitewhereyou can down
load interviews with jazz greats to your 
hard drive. 

Besides providing advantages to con
tent developers, the emergence of the 
hybrids is also an opportunity for pub
lishers oftoolkits that make it easy to cre
ate such CD-ROMs. One such product is 
the WebCD development p rogram, 
which is available from MarketScape 
(Colorado Springs, CO, (719) 593-9890 
or http://www.marketscape.com). Itdoes 
much of the work for you by helping you 
organize your Web content (for more 
information, see "Hybrid Web/CD-ROM: 
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Hybrid CD-ROM Forecast 
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' Forecasted number of tiUes worldwide. 

The next big thing: 

CD-ROMs with on-line access. 

Do It Yourself" on page 54) . Companies 
such as Folio (Provo, UT, (801) 229-6700 
or http: //www.folio.com). whose cus
tomers access data stored in proprietary 
info bases, have introduced Internet-

enabled programs that leverage their core 
products. 

For example, Folio says it will release 
a new version of its Web publisher that 
lets Internet users access information 
contained in Folio infobases. Folio's first 
Web publisher worked with only one 
HTTP server. Version 2, which should 
ship this fall, will run on HTTP servers 
from Netscape, Microsoft, and others. 

Another version of Web publisher, 
which will follow version 2 and should 
ship late this year or in early 1997, will 
add some new fe atures. They include 
support for document metering, rights 
management, and other functions cur
rently supported in Folio, companyoffi
cials say. Folio also provides tools for inte
grating disparate data stored in Folio 
infobases and Hypertext Markup Lan
guage (HTML) into a hybrid CD-ROM 
p ackage. Says Ted Pine, chairman of 
Info Tech, "The Web will become the uni
versal way to look at things, but the data 
you're browsing may originate from leg
acy databases." -D.A. 

Be Careful Out There! 

This month's choice isn't a bug per se, but pany that is working with Microsoft. With 
rather a dramatic example of what can Authenticode, a software publisher signs its 

happen when good people download bad code with a unique digital signature, which 
Act iveX controls. Fred Mclain, CEO of confirms to users who published the control 
Apropos, a software engineering company, and that it hasn't been hacked. 
wrote an ActiveX control to illustrate the Microsoft says Authenticode wasn't 
potential dangers in downloading ActiveX designed to guarantee that users won't 
programs. If you're using the final version of download malicious code, butthatthe tech-
Microsoft's Internet ,mtihW:.llffltff§,rm no logy does provide a 

Explorer 3 and down- '.~ ~'? 'r i... .e. !.,~ ~ ~ .~; measure of account-
load his Exploder ~ .. ,, ___ :;......-... - ability on the In-
control, it performs a ternet. Mclain is not 
clean shutdown of Exploder Test Page convinced that's 

This page Is Microsoft Internet Explorer Hostlh 
your Windows 95 I enough. 
system. For zberoao.q Aclin Xc«*"Ol IO ~PR'Pftlr~;.::.~:--Nic:toM4ilUnlttE:lipk>, "If I were to put a 

"I'm warning visi- ~ loaded pistol on the 

tors to my Web page Y~""l0~""',,"k"""""',_._'. table with a note 
[http://www.halcyon , indicating who owns 
.com/mciain/ActiveX] r~~"""'''_ '_.'~'''''''1= the gun, that won't 
t hat you have to be careful;' Mclain says. He prevent a 3-year-old from walking in, pick
points out that someone else could just as ing up the gun, and accidentally shooting 
easily write an ActiveX control thatformats himself;' says Mclain. "The note wasn't 
your hard drive or does other equally bad enough to prevent the accident." At press 
things. time, Mclain was putting the final touches 

Exploder went through the Authenticode on a version of Exploder that does another 
process, in which controls are submitted to clean shutdown, this time of Windows NT. 
VeriSign, the digital-authentication com- -D. A. 
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Introducing lIetproof glass 
for WindowsTM NT networks 

Monitoring: AGNI 
UPS Model: Smart-UPS 1400 

status: On Line 

last UPS Self Test Passed 
Last Test Date: 03114196 

UPS Output 
Line Minimum: 
Line Maximum: 

UPS Temp: 
Output Freq: 

AmblentTemp: 
Humidity: 

Last Two Events: 

116.5 VAC 
115.9 VAC 
119.0 VAC 
87.8 'F 

60.00 Hz 
72.8 'F 
16.2 " 

-
----------~--------

I
·' According to Microsoft, "A UPS is an 

- important part of any deployment of 
Windows NT systems ... " Fortunately, 

bPC APC provides the most comprehen
sive protection against the single largest cause 
of NT data loss- power problems. APC's 
PowerChute~ plus for Windows NT and APC 
Smart-UPS combine to give you the power 
management features necessary to make 
SURE you're protected. 
• Shut down system safely-graceful, unat
tended shutdown of Win NT & SMS Servers. 
Through scheduled shutdowns you can even 
cut energy costs by up to 76%. 
• lIPS testing/status-assures that system 
administrators are informed of power 
problems before they impact system integrity. 

SURGEARREST™ & BACK-UPS® & 
PROTECTNET™ BACK-UPS® PRO 

A C and data line surge UPS for PC and advanced 
suppressors workstations 

STARTING AT $19 STARTING AT $119 
Copyright 1996, APe. Trademark5 are the property of their owners. ASU002 

• Remote UPS management-eliminates the 
need to send trained personnel to remote sites 
to configure UPS parameters, reboot servers or 
diagnose power problems. 
• EnvironmentaVpower monitoring-allows 
you to quickly diagnose power problems 
and thus decrease network downtime 
without the expense of an electrician. 
PowerChute plus also provides: 
• NEW FlexEvents-Want to be paged or 
have an E-Mail sent to you if there is a 
power problem? FlexEvents allows you to 
specify these and other customizable UPS 
reactions to power events. 
• Systems Management Servers UPS MIF 
Support permits asset management of UPS 
systems. 

SMART-UPS® & 
SMART-UPS® VIS 
Manageable UPS for 
servers and networks 

STARTING AT $299 

MATRIX-UPSTM & 
ACCESSORIES 

Modular UPS for clientl 
server data centers 

STARTING AT $3499 

"The Smart-UPS not only cuts the leading 
edge of power protection, its PowerChute plus 
software also delivers full management and 
controL/with} the best combination ... of new 
and innovative features. " -Network Computing 

-:C5~~" ~ :;: /\\~'''': :\. '\I!r7 in~. 
1990,1991, 1992,199),1994 

r------------, 
I FREE I 
I 
I 
I 

DEMO DISK I 
or 60 Page Catalog! 

or download from our I 
NEW PowerPage" 

http://www.apcc.com 
Click on "Free Stuff" ______ ...1 

AMERICAN POWER CONVERSION 

800-800-4APC 
. Dept, A2 

Germany-(+49)89 958 235 
France-( +33) 05.39.32.03 
UK-(+44)753 511022 
India- (+91) 44 4341784 

Japan-(+81)03 3798 3888 
Russia-(+7)095 929 9095 
China-(+86) (10) 7638917 

401-78R-2797 fax I 800-347-FAXX PowerFax Literature 
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WE FINALLY MADE A WORKSTATION 

us 
e 

I e 
everyone 

else's. 
See what 's possible 

Introducing 02"'. A workstation just as practical, 

reliable, and affordable as everyone else's. Except that 

it's better. Only 02 delivers industry-leading CPU 

and graphics performance as well as breakthrough 

video and imaging capabi lities . All of this is possible 

because 02 is the only workstation in its class 

that is based on an innovative Unified 

Memory Architecture. In addition 02 is 

available with a MIPS" R5000 '" CPU, or, 

for your most demanding needs, the more 

powerful MIPS" R10000'". If you think all this makes 

02 stand out, wait until you see how well it fits in. 

02 is designed to easily plug into your network as 

well as leverage the interactive capabilities of the web. 

SiliconGraphics· 
Computer Systems 

It comes standard with a full set of web-authoring 

tools and a personal web 

server, a combination 

which allows you to 

communicate your ideas 

to anyone, anywhere, on 

any computer. If 

you're looking for 

the performance 

of a workstation 

combined with the power 

of the web, as you can 

MIPS RSOOO 180MHz processor 
32-bit double-buffered graphics 

Hardware texture mapping 
Image processing engine 

Video compression engine 
Web~i ntegrated user environment 

64MB ECC SDRAM 
2GB SCSI system disk 

17" monitor, 1280x I 040 

see, it isn't hard to find. For more information see 

www.sgi.com/02 or call 800.636.8184 Dept. LS0055. 



@ 1996 Silicon Graphics, Inc. All rights reserved. Silicon Graphics and the Silicon Graphics logo are registered trademarks, 01, and See what's possible are trademarks. of Silicon Graphics, Inc. MIPS and the MIPS RJSC Certified Power logo ~ 
are registered trademarks, and R I 0000 and R5000 are trademarks. of MIPS TKhoologies. lnc. ~ 
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FlashPix: 
Future Graphics 
Lingua Franca? 
It isn't often that a file format generates 
much excitement or offers much to end 
users, but the new FlashPix architecture 
may be the exception. Kodak created 
FlashPix,in collaboration with Hewlett
Packard, Live Picture, and Microsoft, to 
provide a better way for people to work 
with digital images. One important de
sign goal of the FlashPix file format, 
which should now be available, is to let 
you work with large photographic im
ages without requiring high-end com
puting power or bandwidth. 

FlashPix meets this challenge in an 
ingenious way, based on the premise that 
most people don't need to work with all 
parts of an image at once. Images saved 
in the FlashPix format are automatically 
stored in a tiled format of 64 pixels ~er 

I hi . \ 
square. n t s way, you can save lma~es 
of any size, and when a FlashPix-opti
mized software program asks for da~a, 
only the specific tile or tiles requested are 
loaded into memory. The benefits of this 
approach: Photo editing is much faster 
because only the affected area is loaded 
into memory, and the changes are avail
able almost instantly for the same reasor,. 

FlashPix stores single images at mul
tiple resolutions and enables applications 
to automatically choose the best resolu
tion for a particular activity. You can thus 
access a smaller low-resolution image for 
an on-line preview and then download 
a bigger high-resolution copy of the 
image. This should eliminate the ,long 
waits currently associated with viewing 
high-quality graphics on the Web. 

Another big plus is FlashPix's ability 
to save edits as a linked file, which can 
reduce storage requirements, especially 
for graphic artists who often save multi
ple versions of the same image. You can 
link edits to an original file but store the 
edits separately, thus eliminating the need 

I 
to store multiple versions of the entire 
file. 

At press time, there was only one pro
gram, Microsoft's Picture It, an image
editing application, that supported Flash
Pix. Software Development Kits (SDKs) 
for writing Windows and Mac FlashPix 
applications should now be available. 
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Web-Commerce Polarization 

This month's BYTE survey on Internet commerce and privacy reveals a sharp difference 
of opinion regarding how much privacy users are willing to give up in exchange for access 

to free information. The topic of cookies is an especially tricky one. Cookies, small pieces of 
code that are stored on an end user's computer, let a Web server automatically grant visi
tors access to areas to which they are specifically entitled. Paid subscribers can automat
ically access value-added information, for example, but Web masters can use cookies to 
track your activity on their sites in a detailed way. 

This tracking capability makes users nervous. "Commercial sites have every right to mon
itor your actions within the spectrum of their site;' says one respondent. "But they should not 
have the right to distribute that information to others:' Another says, "Use of tracking data 
aggregated to eliminate individual identity is OK, but using individuals' data is too great an 
invasion:' 

Other respondents favored the use .of advertiser-supported free information. Also, if 
faster links to the Internet become prevalent, letting ads come up more quickly in a Web 
browser, that may reduce complaints against on-line ads. What's the answer? Probably a 
mixture of strategies. As one respondent says, "I guess we live in interesting times when it 
comes to formulation of Net commerce:' 

Web Commerce: One Strategy Does Not Fit All 

Several vendors may incorporate Flash
Pix into scanners, printers, and digital 
cameras. Microsoft says that it will incor
porate FlashPix into its Internet Explorer 
Web browser. 

However, not everyone has endorsed 
FlashPix. One notable company that had 

not committed to the format as of press 
time was Adobe. Kodak officials say they 
will continue to discuss FlashPix with 
Adobe and others. If the standard is suc
cessful, FlashPix could make digital imag
ing easier, faster, and more fun. 

-Jon Pepper 





Java Forms: 
Better than HTML 
Now that forms vendors have tackled the 
Common Gateway Interface (CGI) prob
lem, they are addressing the next step in 
Internet forms software, the incorpora
t ion o f Java. Vendors such as Je tForm 
(http://www. jetform.com) and Caere 
(http ://www.caere.com) have introduced 
products that let developers create
without h aving to learn CGI program
ming- forms solutions that can integrate 
w ith databases fo r electron ic-commerce 
and work-flow applications. 

However, the current solutions have 
trade-offs. You can let an end user fill out 
a Hypertext Markup Language (HTML) 
form using any Web browser, but HTML 
doesn't let you preserve the exact look of 
a paper-based form. Or, users can fill in 
a non-HTML form that has added intel
ligence (e.g., field validat ion and error 
checking at the client) and a more robust 
look, but that requires them to download 
a proprietary fille r p roduct such as Jet
Form Filler for the Web. This is where 
Java can save the day. 

J et Form, which acquired Delrina' s 
forms and work-flow technology from 
Symantec, is about to enter beta testing 
on an upgrade to its forms designer, 
which will soon emit a Java applet. Ac
cording to Michael Cohen of Paperless 
Performance (htt p: //www. paperless 
.com), a developer of electronic-forms 
solutions, Java support lets you have the 
best of both worlds. You can view forms 
in any Java-compliant Web browser, and, 
unlike HTML forms, the Java applet can 
have field -level intelligence and help, and 
also be an exact replica of a paper-based 
form. Field-level intelligence lets a form 
catch user-input errors before erroneous 
data is sent to a server. "And providing an 
exact replication of the paper form that 
may be used today makes people, espe
cially computer novices, more comfort
able w hen filling in the elect ronic form," 
says Cohen. 

J etForm admits that the in itial version 
of its Java solution will not have the full 
functionality of its J etForm Filler. For 
example, the initial Java implementation 
p r o b a bly w ill n ot support da t a b ase 
lookups. But J etForm officials say they 
w i ll continue to improve t heir Java 
story. -O.A. 
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What Was the Question? 

The most obvious problem with this col
lection of nine essays on the frame prob-

, lem in AI is that it does not tell you exactly 
what the frame problem is. Your best bet is 
to read the epilogue first. This pseudo
Mother Goose-style section is probably 
inte nded as an inside joke by the cogno
scenti, but it's actually more helpful than the 
rest of the book. 

As I understand it (and if I'm wrong, write 
to Ford and Pylyshyn , not me) , the frame 
problem involves how much information you 
need to give a robot (or a computer) for it 
to perform a task as well as a human would. 
For example, when frying an egg, do robots 
need to know what to do when the egg car
ton is empty? What about when the frying 
pan used yeste rday s till sits in the sink, 
unwashed? 

Other descriptions of the frame problem 
include "describing and updating a set of 
be liefs efficie ntly" and (my favorite) "Now 
what do I do? ," which almost any reader of 
this book can s ay at anytime. Clearly, the 
folks who work on the frame problem have 

a hard time agreeing 
on exactly what it is. 
Furthe rmore, it over
laps ma ny subject 
areas , including psy
chology, ethics, phi
losophy, and religion. 

Reading this book 
is tough work. The 
authors do not ade
quately define words 

s uch as metaphrands , metaphiers, and 
Ouineian, as well as references to concepts 
such as Yale shooting. The book lacks a 
glossary and provides a me re one-page 
index of topics . One particular essay, a 
poorly written s cience fiction story con
taining profanity and spelling and gram
matical e rrors , illustrates the book's low 
level of editing. 

I would recommend this book highly fo r 
anyone whose essay is publis hed in it. For 
the rest of us , any robot story by Isaac 
Asimov or Stanislaw Lem will tell us more-

The Robot's Dilemma Revisited: 
The Frame Problem in 
Artificial Intelligence 
Edited by Kenneth M. Ford and 
Zenon W. Pylyshyn, Ablex Publishing 
Corp. , 1 41 pages, 
ISBN 1-56750-143·5, $22.95 

in a more lucid and entertaining manner
about the difficulties of designing thinking 
machines. Nowwhatdo Ido? 

-Edmund X. Dejesus 

Deluxe Digital
Electronics Primer 

Having picked up digital electronics on 
my own, I've always looked for a book 

that could fill in the holes in my piecemeal 
self·education. This is it. With clear expla· 
nations, many effective figures , and typical 
British humor, 
Clive Maxfield sur
veys not only the 
basics of com· 
puter electronics, 
but also state-of
the-art semicon
ductor fabrication 
and packaging 
techniques. I am 
happily amazed that Maxfield covers so 
much, so well. Four hundred plus pages on 
electronics have never gone so fast. 

The humor that peppers the introduction, 
footnotes , and appendixes (especially the 
last one, a seafood gumbo recipe) makes 
for easy reading, but the content is serious, 
well researched, and up-to-date. It starts 
with just e nough basics from chemistry, 
physics, and number systems to get you to 
the workings of semiconductors and sim
ple logic circuits. From there, the book cov' 
ers tools suc h as Boolean algebra, Kar
naugh maps, and state diagrams that cir
cuit designers use to build more complex 
logic from basic gates. 

The book then switches gears to discuss 
semiconductorfabrication processes, the 
design of memory and programmable logic 
devices (PLOs) , a bestiary of ASICs, pack
aging strategies (including multichip mod
ules), and promising fabrication technolo
gies such as 3-~ interconn ect. That the 
author obviously hand-edited the glossary 
and comprehe nsive index is a sign of the 
quality throughout. Books of this caliber are 
rare. -Dave Rowell 

Bebop to the Boolean Boogie 
(An Unconventional Guide to 
Electronic Fundamentals, Components, 
and Processes) 
by Clive Maxfield, High Text 
Publishers, 471 pages, 
ISBN 1·878707-22-1, $35 



c o M p u T N G 

Cell phone implants? Intergalactic zoning laws'? 

There's no telling what the next seven years could 

bring. But one thing's for sure: Your Kingston'" 

storage enclosures will still be under warranty. These 

rugged and reliable storage systems were designed for 

some of the most demanding environments-even the 

space shuttle. Plus, we offer the longest warranty in the 

industry. The Kingston Data Silo'" DSSOO tower or rack

mount enclosure can house 3.S-inch and S.2S-inch half-

w T H o u T L M T S '· 

or full-height SCSI peripheral devices. Our Data ~ 

Express'" removable drive enclosures, integrated .. 

mto our DSSOO chaSSIS, proVide a vanety of' 

customized enclosures for up to 12 removable, hot

swappable SCSI devices. Of course, Kingston storage 

products are compatible with all major platforms, Want 

more information? Give us a call at (800) 435-0670, 

or you can send us e-mail at 

storage@ kingston.com. Kma&~QU 
For more inform a tion , call u s at (800) 435-0670 .'@ V isit our Web site: http:// www. kin gston.co m/ b.htm 
------~----~-----~--~-----~~/------------~------~---------

Kingston Techno logy Company, 17600 Newhope Stree t, Fountain Va lley, CA 92708 USA, (714) 438- 1850, Fax (714) 438- 1847, © 1996 Kingston Technology Company, 
All rights reserved. Kingston, Data Silo, and Data Express are registered trademarks and Comp uting Without ,Limits is a trademark of Kingston Technology Company. 
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Check out the new web site 
from Data Communications 

www.data.com 



Datapro Report 

Wanted: Client/Server Expertise 

High costs and lack of expertise and sys
tems management are the major obsta

cles on the way to realizing the benefits of 
client/server computing, according to Data
pro's 1996 International Client/Server Is
sues Survey. Information systems execu
tives understand the cost implications of 
client/server computing, realizing that, de
spite the conventional wisdom of the early 
1990s, expenditures may be even higher 

schemes. Additionally, about 75 percent of 
them incorporated legacy systems, and 
about one-third of those incorporated leg
acy systems through real-time connections, 
as opposed to gateways or batch data 
transfer. 

As you can see in the chart, the perceived 
disadvantages of client/server computing 
among those who haven't implemented a 
system differ-in some cases by a large mar-

Real and Perceived Obstacles Compared 

Lack of expertise 

Cost 

Systems management 

Immature standards 

Organizational adjustments 

WAN issues 

Lack of development tools 

1 

1 
1 

• 
Obstacle cited 
by implementer 

• 
Obstacle anticipated 
by nonimplementer 

Budget restrictions ~~~;~~=;:~::;J 
Run-time middleware licenses r. 
Lack of applications packages lII_IIIIiL 1 I 
Did not see a need 

o 10 20 30 40 50 60 
Percentage of respondents 

Those not implementing a client/server system underestimate 

the obstacles of management and immature standards. 

than those of a monolithic system. However, 
they also believe that the benefits outweigh 
the cost and other disadvantages. 

Implementers said the top benefits are 
improved end-user access to information, 
the ability to flexibly react to business needs, 
and scalability (i .e., the ability to add addi
tional capacity). 

As expected, the trend line for full imple
mentation of a client/server system contin
ues strongly upward. In 1994, 18 percent 
of the respondents to Datapro's survey had 
fully implemented a client/server system. 
By 1995, that number increased to 25 per
cent, and this year, it was up to 46 percent. 
Of the implementers, half use a two-tier 
scheme, but a third use multiple-tier 
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gin-from the disadvantages as stated by 
those who have completed their systems. 
Nonimplementers seem to have less aware
ness of the pitfalls of immature standards, 
system management, and the lack of devel
opment tools compared to those who have 
already implemented a client/server sys
tem. Of this year's respondents, 29 percent 
are still making client/server plans. Those 
who are still in the planning process might 
want to reevaluate how many resources they 
plan to devote to trouble areas such as sys
tems management and immature standards. 
Dennis Byron is a senior analyst for Datapro 

Information Services. For more information on 

Datapro Information Services: (800) 328-2776, 

(609) 764-0100, or http://www.datapro.com. 

Notebook 
Screen Future: 
Bigger 
and Wider 
Major suppliers of LCD panels-includ
ing Sharp, NEC, and Mitsubishi-are 
developing displays that are larger and 
more advanced than today's 12.hnch 
thin-film-transistor (TFT) standard. 
Sharp ' s new Super-V LCD; currently 
available only as a 13 .8-inch prototype 
TFT model, has 1024- by 768-pixel reso
lution, a 140-degree viewing angle, an 
ultrahigh brightness-to-darkness contrast 
ratio (300-to-1) , and a viewable image 
area roughly equivalent to that of a 16-
inch CRT. 

Although Sharp is not shipping this 
model yet, its PC-9090 notebook, due for 
delivery by the end of the year, will in
clude some of its aspects. The PC-9090 
uses a Super High Aperture 12.1-inch TFT 
with 1024- by 768-pixel resolution and 
brightness Sharp claims is 50 percent 
higher than previous models. 

Sharp «800) 237-4277 or http://www 
.sharp-usa.com) also just released the first 
wide-screen notebook, the 4.6-pound 
WideNote portable. Its 9.6- by 5.6-inch 
display (see the photo) can show two 
side-by-side Web pages or a standard-

Sharp's WideNote display reduces the 
need to scroll through spreadsheets. 

width letter with extra space left over 
on the side. The 16-to-9 aspect ratio is the 
same as a movie screen. The wide-screen 
LCD has a resolution of 1024 by 600 pix
els and a diagonal measurement of 11.28 
inches. 

NEC and Mitsubishi (among others) 
are currently working on LCD screens 
bigger than 13 inches, and NEC has 



When workgroup traffic has completely changed, 

the entire network needs re-balancing. 

It only takes a second. 
The Compex FreedomSwitch is not a typical Ethernet 

switch. It is not a port matrix or port switch. Neither is it 

just a repeater. In fact, it is all of the above and more . 

Tailored to boost your network performance, the 24-port 

FreedomSwitch uses an exclusive AutoDynamic Load 

Balancing technology to seamlessly balance the load of 

your network by dynamically assigning and reassigning 

ports to one of four lOBase-T network segments. Simply 

plug in the workstations and servers, turn on the power 

and you have an optimized, switched network. It also 

includes complete network analysis and management, with 

COMING SOON: 
the snappable, 

16-port Compex MicroHub 
Plus 100/TX16 

U.s.A. 
(OMPEX, Inc. 

4051 E. La Palma Ave 
Anaheim, CA 92807 US.A. 

(714) 630 7302 
Fax (714) 630 6521 

full implementation of RMON and an optional lOOMbps 

uplink. So you don't need to get your hands full managing 

your network. Just kick back and relax. 

For an affordable switched network that anyone can set 

up and operate, choose Compex. Call us for more information 

about the new FreedomSwitch or browse our website at 

http://www.cpx.com. 

GERMANY 
ReadyUNK Networktechnology GmbH 

Albert-Einsfein-Sfra6e 42 
63322 Rodermark, Germany 
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Networks that work 
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(OMPEX Systems Pte Ltd 
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(65) 288 8220 
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demonstrated 20- and 26-inch panels in 
Japan. While those are not intended for 
use in a notebook (such screens are wider 
than today's standard laptop size), ana
lysts expect the 13.8-inch size to appear 
in notebooks toward the end of 1997. 
Today's 12.1-inch display that seems large 
will soon look as outmoded as lOA-inch 
displays do now. -J.P. 

New PowerPCs 
Boost Macs 
Results from BYTE's cross-platform 
BYTEmark benchmark indicate that the 
latest PowerPC-based Macs give users a 
significant performance boost. As we 
expected, Power Computing's Power
Tower Pro 225 is the fastest Mac we 
have tested, in terms of its raw process
ing power. Indeed, its BYTEmark scores 
are the highest we've seen in a single-pro
cessor desktop system. 

Due to differences in compiler tech
nology, a careful reader will notice that 

, , :1 

:1 .1 ' 

" , .' II II 

II .1 

, " , : II II 

.1 

.1' 

, " II II 

II • 1 ' 

: I .1' 

, " II :1 

:1 .1 ' 

II 

II 

" 
II :1 

:1 .1 

44 BYTE NOVEMBER 1996 

the results shown here for certain proces
sors (e.g., the 200-MHz603e) differ from 
the results we posted in our August issue. 
This is because we used different com
pilersto compile the BYTEmarksuite for 
Windows NT and the Mac os. Improve
ments in compiler technology can also 
improve performance on the same chip. 
For example, the 180-MHz 604 gets a big 
boost in integer performance when exe
cuting BYTEmarks that were compiled by 
release 3.0 of Motorola's PowerPC Soft
ware Development Kit (SDK)-see "New 
Power for the Mac" below-compared 
to release 2.0. 

IBM and Motorola are preparing new 
PowerPC processors (code-named G3 ) 
for 1997. These will be based on the 
603e and 604e, but with bigger caches and 
better system interfaces. Another gener
ation will follow in 1998 (for more infor
mation on the PowerPC road map, see the 
article "PowerPC Regroups" on page 
101). The much-delayed PowerPC 620 
may finally ship within the next three or 
four months, as well. 

-Tom Thompson 

Architecture Bible 
on CO-ROM 

Moving a venerable reference book onto 
a CD-ROM can be either a waste of plas
tic or a huge step forward in terms of use' 
fulness. You hope that such a transposi' 

An architectural reference bible is 

now available on CD-ROM. 

tion increases the convenience, search· 
ability, and portability of the material. 

John Wiley and Sons has put the entire 
contents of Architectural Graphic Stan· 
dards, a reference bible for architects 
since 1932, on CD·ROM. The disc de· 
fines and explains structural, mechanical, 
and electrical systems with text and tech· 
nical diagrams. You can search it by sev· 
eral methods, including standard text 
searching and an index. 

A potentially great feature of a CD· 
ROM like this is the abi lity to use its in
cluded diagrams in your drawings. How· 
ever, only 10 percent of the diagrams on 
this version are in accurate vector format. 

The interface is intuitive, although nav
igation is difficu lt because it is hard to 
retrace your steps. You can export whole 
illustrations or parts of them into your word 
processing or graphics programs, but you 
cannot cut and paste from this program . 
Currently, tables and equations found in 
the CD·ROM are not interactive, but they 
will be in a future version (slated to ship in 
about a year and a half). 

John Wiley and Sons has not created 
a perfect transition of Architectural 
Graphic Standards from one medium to 
another. However, it is an important begin' 
ning that hints at exciting possibilities. II 

-Jason Kraus 

Architectural Graphics 
Standards 

John Wiley and Sons. 605 Third Ave .• 
New York, NY 10158, 

(800) 225·5945, 
ht1p:llwww.wiley.com. 

$345 
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K yocera printers 
• • maxnruse your 

• optIons 

- And cost you less. Work it out for yourself 
The widest choice of paper-handling attachments in the industry, 
transferable between different models, means Kyocera page 
printers maximise your printing options. You can, for instance, 
choose two additional input trays, a duplex (double-sided) unit, 
an envelope feeder and output to a IS-bin sorter/stacker. 
K yocera printers also give you the lowest cost of ownership. 

Get your FREE pack 

These and many other benefits are the reasons why major 
corporations are choosing Kyocera. 

Make sure you have the full facts. Send for your free 
information pack: "Evaluating Your Printing Needs". 
Just fill in the coupon and send it to the address below. 

NAME 

POSITION 

COMPANY 

ADDRESS 

TEL FAX 

Kyocera Electronics Europe GmbH, 
Export Division, Mollsfeld 12, 

40670 Meerbusch, Germany ~ K~O[ERa 
Tel: n49-2159-918-0 
Fax: **49-2159-918108 A generation ahead 
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hyperS ON: sign and 
archite so advanced ... 
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years from now, you'll stiIl 
marvel at your applications' 
monumental perfonnance. 

THE SUNOS® 
AND SOIARIS" 
SOLUTION. 

i:~3-D graphics accelerator, and 

;::.::::. 
Just because the Sun is setting """",,·,··.·";·'Ce,CO .. ; 

I
I;:'~, enough real estate for up to 6GB 
;::;:::::=' of hard disk space. 

} 
ExTENSIBLE, 
UPGRADEABLE, 
CONNECDWLE, 

~ RATIONAL AND 

on your current operating sys
tem, it doesn't mean you're left 
in the dark ROSS, the sole sup
plier of hyperSPARCN CPUs to 
the SPARC market worldwide, 
creates hyperSTxnON 20 and 
hyperSTxnON 30-the dawn 
of a brand new day in 
SPARC workstation perfor
mance. Today, you can have 
the power you need to run 
SunOS 4.1.3 SunOS 4.1.4, and 
Solaris applications at speeds 
faster than you'd ever imagined 
possible. And you have the 
power to maintain that edge in 
the future. 

THE LONG-TERM 
SOLUTION. 

Our high performance SPARC 
microprocessor architecture is 
housed in a new chassis specifi
cally designed for future genera
tions of exactly what ROSS is 
famous for. .. multiprocessor 
upgrades. Shining examples 
of ROSS' forward-thinking 
approach, both hyperSTATIONs 
feature an advanced thermal 
management system, a stronger 
power supply, options for a 6X 
CD-ROM drive, 24-bit 2-D and 

~~ AFFORDABLE. 
~~ You can always extend your 

INTRODUCING THE 
HYPERSTATION 20 AND 30. 

HYPERSTATION 20. MoRE 
SPARe FOR YouR BUCK. 
hyperSTATION 20J!a§ more 

features thanSutt's 
SPARCstation 20 fin: a lot less 
money. Dual 50 MHz MBus 

slots support up to four 
hyperSPARC processors and 

up to 512MB of RAM, so you 
can pick the level of speed you 
need. And with our 6X CD
ROM drive, ISDN and high 

performance graphic 
accelerator options, the 

hyperSTATION 20 gives you 
features the competition 

doesn't even off~ 

HYPERSTATION 30: 
THE MAsTER OF SPAReS. 

hyperSTtITION 30 is ~ 
it gets. It features (i .... 

MHz MBus for high-th gh
put multiprDalSSing and'a 

1 GB physical system memory 
for advanced ECAD and 

database applications. 
Combine our current micro
processor speeds from 133 to 
166 MHz and ROSS' evo/u. 
tiona", histoJ)' of advanced 
hyperSPARC performance, 
and you1l start-and stay-

on the fast track. 

R-SS 
ROSS Technology, Inc. 

CALL aOO.ROSS.YES 

'P.. level with our 
speed single, dual- or quad

processor upgrades. And you can 
rest assured that our SPARC
based and UNIX-compliant open 
systems solutions will provide 
high connectability. When you 
think about it, ROSS 
hyperSD\TlONs are the only 
way to go if you want to put 
your company's future on a pre
dictable path for growth-without 
buying into the high costs and 
inevitable headaches of moving 
to alternative platforms. 

OrnER MARVELS OF 
ROSS TECHNOLOGY. 

If you're in the market for 
memory, motherboard 

upgrades or microprocessor 
upgrades, from 90 to 166 MHz, 
we have them. Call us today for 

specifications and prices! 

CALL 800-ROSS-YES. 

5316 Highway 290 West Austin, Texas 78735 800.ROSS.YES IntemationaI512.349.3108 FAX 512.349.3101 http://www.ross.com 

Ai l SPA:~9~Gd:~~;~~~n~~~~~~s ,~~ :~;:~~~::de~~d~l~fr~ ~f'tr~~~~~;~~n~?,~~~~~;a::s~~~~ef:1i:n~:d~~:i~l~rg~~~~?c';!~~fo:~~~a~~od~~~~~~n~AWc I~demarks 
are based upon an architecture developed by Sun Microsystems, Inc. All other product or service names mentioned herein are trademarks of their respecti~ owners. 

Circle 161 on Inquiry Card (RESELLERS: 162), 



Bla&t& trom 
the Pa&t 

The industry was in transition. Apple and 
IBM were working together, as were IBM 
and Microsoft, despite their recent public 
divorce. More details on a new OS called 
Windows NT began emerging. Sales of 
Windows 3.0 were encroaching the Mac, 
but Novell was still pushing DR DOS. 
Meanwhile, we put the ill-fated Momenta 
computer on the cover. Pen-based com
puting hasn't yet broken into computing's 
mainstream, and Momenta Corp:s even
tual collapse is a good analogy for the 
eventual fate of many of the pen-based 
start-ups. A stronger trend that we de
voted coverage to in that issue: network 
interoperability. 

BYTE took an early look at Compaq's 
Deskpro 386, which started at about 
$6500. We also reviewed the Mac Plus, 
which upped the Mac's memory from 128 

KB to 1 MB and increased the floppy drive 
from 400 to 800 KB, among other things. 
Also in that issue: scads of information on 
knowledge representation. 

We focused on data management and the 
problems thereof. Other articles focused 

on how to use the 
microcomputer as 
a laboratory instru
ment and a hard
ware product from 
Microsoft called 
the Softcard. This 
was a $399 board 

that allowed you to run programs and lan
guages written for CP/M on your Apple 
computer. 
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Beyond R2D2: Robots Evolve 
Takeo Kanade, director of the Robotics Institute at Carnegie 

Mellon University, reveals how robots will make our 

world better and more entertaining. 

BYTE: Robots are showing up in new 
places and in new forms. What interest
ingnew uses are you exploring for robots? 
Kanade: The scope of where robots are 
used has been and will be expanded from 
the factory floor to more "natural" envi
ronments, including agricultural fields, 
mines, and construction sites. We are also 
looking at space and planetary explo
ration and other hazardous environ
ments, including natural environments 
such as volcanoes and those of human 
origin, such as nuclear environments. 

BYTE: Your robots have explored volca
noes to gather data. What other tasks 
can robots do that humans currently must 
perform at great risk? 
Kanade: Another one that we are work
ing on is a helicopter p roject, a flying 
robot. This has an advantage when res
cuing people in bad weather or fire fight
ing. In bad weather, for example, a ship 
sinks and survivors are expected. The 
first thing is to try to find them. But the 
rescue mission may be put on hold in bad 
weather because the rescuers would also 
be in danger. Now if this is an unmanned 
mission, we can risk a helicopter crash. 
On all these dangerous missions, the key 
factor is, the more risk you take, the more 
effective is the mission. If you can do a 
task in such a way that even a crash is ac
eptable, the effectiveness grows rapidly. 

BYTE: A robot helicopter could help fight 
fires, too? 

Kanade: Yes, and again, the more effec
tive the mission, the more dangerous. If 
you hit the hottest spot with a fire-fight
ing agent, it's very effective. But it's also 
dangerous. So human pilots don't fly that 
close. But a robot-powered airplane can 
accomplish dangerous missions without 
risking human life. 

BYTE: What about robots and enter
tainment? 
Kanade: That's a new breed of robotics, 
what is called virtualized reality. We have 
built a 51-camera dome that we call 3-D 
Dome. It 's a 5-meter dome where the 
cameras are looking inside . In other 
words, the dome space is covered by a sea 
of cameras. And whatever happens inside 
is modeled into a CAD model. It's a nat
ural event. So imagine that you are inside 
the dome, and you swing a baseball bat. 
How your shirt, body, and hand move 
are modeled into the computer. Because 
it is modeled, we call it virtualized real
ity. Once we do that, we can place you 
in that environment anyway you want. 
Thanks to the 3-D models, you can actu
ally immerse yourself into that environ
ment. One of the best applications that I 
envision is watching NBA basketball on 
the court. 

BYTE: So this would let you watch the 
game from the referee'S point of view? 
Kanade: Or from anywhere inside the 
court. You could see what it's like block
ing MichaelJordan. Or you can enjoy the 
view that the ball would see, if it could 
see. 

BYTE: What about using robots to man
age data? 
Kanade: We have an infomedia project 
that lets you navigate in a large video 
database very quickly by using natural 
language as a query. The important view
point I would like to convey is that robot
ics is not limited to mechanical things. 

For more information on the Robotics 
Institute, see http://www.ri.cmu.edu. 
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European homes can now get 
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Low-cost CT servers are replacing 
your PBX. Page 48IS 7 

ATM Hits the Desktop 
Corporate interest in ATM -based 
LANs is growing. Page 48IS 17 

The Rise of Asian PCS 
More powerful PCs from Asia. 
Page 48IS 25 

Data Mining for the -' 
Rest of Us 
Finally, an easy-to-use data
mining tool. Page 48IS 33 

N OV EM BER 19 96 BYTE 48 1S 1 



Increasing Your PC Systems Business 
Deliver the hottest new systems to your markets with PCXpress, a complete range of high-quality, leading-edge 

systems designed and built to your requirements by FIC, the world's leading motherboard manufacturer. 

Convenient System Upgrades 
For maximum flexibility, PCXpress systems 
run all the latest processors from Intel, AMD 
& Cyrix. Pipeline Burst SRAM plus EDO 
and Burst EDO DRAM support adds further 
versatility and performance. 

Wide Selection of High-Quality 
Peripherals 
With our global buying power, FIC brings 
you the best possible pricing for a complete 
range of peripherals and multimedia add-ons 
-allowing you to easily differentiate your 
systems in the market. 

Cutting-Edge R&D Capabilities 
With our state-of-the-art R&D facilities, FIC 
is a world leader in the development of 
cutting-edge motherboards and PCs-giving 
you the products you need to succeed in even 
the most competitive markets. 

Efficient, High-Volume Manufacturing 
Facilities 
Mainboard manufacturing and barebone sys
tem assembly are carried out in FIC's effi
cient, high-volume ISO 9001-certified fa
cilities in Taiwan and China using advanced 
SMT and AI machinery. 

Localized Build-to-Order Services 
With their sophisticated distribution system 
and efficient assembly operations, FIC's fa
cilities in the USA, Europe, Australia, and 
Hong Kong ensure your systems arrive on
time to market. 

The Highest Quality At the Best Prices 
FIC's sophisticated vertical integration pro
gram and our high-volume purchasing power 
guarantee you the lowest possible prices for 
high-quality system components, Close ties 
with the world's leading component 
suppliers ensure guaranteed deliveries even 
in times of shortage, 

Circle 746 on Inq uiry Card (RESELLERS: 747). 
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~.,~ First International Computer, Inc. 
6F. FORMOSA PLASTICS REAR BUILDING 
201, TUNG HWA NORTH ROAD, 
TAIPEI, TAIWAN 
Tel: 886-2-7174500 Fax: 886·2-7182782 
http:/www.fic.com.fw/ 

FIC us Tel: 1-510-2527777 Fax: 1-510-2528888 
FIC EUROPE B.V. Tel: 31-73-6273300 Fax: 31-73-6231412 
FIC AUSTRALIA Tel: 61-2-7484566 Fax: 61-2-7484633 
FIC CZECH REPUBLIC Tel:42-5-4 1122643 Fax: 42-5-4 1213144 

FIC FRANCE 
FICSPAIN 
FICHK 
FICJAPAN 

Tel: 33- 1-46810203 
Tel: 34-1-6373613 
Tel: 852-2-3453599 
Tel: 81-3-5461-2181 

Specification subject to change without notice. All trademarks used herein are the registered property of their respective owners. 

Fax: 33-1-45739885 
Fax: 34-1-6373863 
Fax: 852-2-7972408 
Fax: 81-3-5461-2345 



INTERNATIONAL 

News & Views 

Software via Digital Satellite TV 
Digital satellite TV brings broadband software services to Europe's homes . 

• --.. C users in France are the first 
in Europe to receive com
mercially available high

.. __ • speed data services from dig-
ital TV satellites. Europe's biggest pay TV 
provider, Canal + in Paris, launched 
direct-to-home software-downloading 
services earlier this year. On its C: chan
nel, a program that focuses on com
puter news and reports, the company 
offers its C:Direct service. This lets PC 
users download shareware, games, edu
cational software, and benchmarking 
databases at 400 Kbps. 

The set-top box connects to the satel
lite dish, the PC's parallel port, and the 
telephone network. You need no addi
tional software. To trigger and control 
the download, the set-top box starts the 
transmission via telephone and receives 
the software in high speed over the satel
lite dish. The return path's bandwidth, 
however, is only 2.4 Kbps, but higher 
speeds on the return path will soon be 
available as an option, Canal + says. By 
the end of the year, Canal + plans to have 
a commercial software store in place 
offering graphical and musical applica
tions as well as office tools and Internet 
access over satellite. 

The company provides the navigation 
and terminal software for the download, 
but payment will be handled by remote 
control and the TV's electronic program 
guide. Customers can use a credit card or 
have the charge posted in their monthly 

High-Speed Data Delivery 

Satellite dish 

PSTN 2.4 Kbps 8 Set-top box connects to 
~----_.----__ ~~~~, satellite dish, PC, and 

o Earth station sends 
compressed and 
encoded digital TV 
programs and software 
services to the satellite. 

'

.,._" telephone network; the 
PC receives software 

'\.. over satellite link and 
, controls transmission 

. ·R 
TV PC 

Satellite TV services will reach homes in France. 

Spain. Italy. Belgium. and Germany. 

Canal + bill. In both cases, transactions 
will be processed over the telephone line. 

Canal + reckons that C:Direct sub
scribers will number more than 15,000 by 
the end of this year. The company is ex
pected to expand the service next year to 
Spain, Italy, Belgium, and Germany. 
However, elsewhere in Europe, compe-

tition will be fierce. The German Kirch 
group's DF1 digital satellite TV service 
announced that it will offer similar ser
vices at the beginning of 1997, and pay 
TV group Nethold is considering inter
active PC services for its digital satellite 
TV subscribers in the Netherlands and 
Scandinavia. 

More Bandwidth, More Time on the Internet 

Today, only the downstream path of 
digital satellite TV services are really 
"on the air," and the control path runs 
over telephone lines, but industry experts 
expect bidirectional services to appear 
after 1998, when the Astra satellite con
sortium will have launched a new gen
eration of satellites. The new systems will 
include transponders capable of handling 
bidirectional Ka-band services. 

Although cable TV networks in continental 
Europe tend to be based on one-way coaxial 
cabling that can't be deployed in interactive 
services, results of the first European com
mercially available interactive service over 
cable are surprising. "Ninety-eight percent 
of residential users of our Cybercable service 

use the Internet," says Pierre Bouriez, devel
opment director of Lyonaise Communications 
in Paris, France's largest cable TV provider. He 
adds: "They log on for an hour and 40 min
utes every day, as opposed to the 10 hours per 
month the typical Internet user spends over 
telephone lines." 

-Adele Hars 
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losh iba' s First 
Desktop PC 
Targeted at home users, Infinia includes 
many ease-of-use features 

The world's leading notebook maker 
entered the hotly contested home PC mar
ket in mid-September with a vengeance. 
Geared to the home user, Toshiba's Infinia 
line boasts respectable PC components 
that are combined with consumer-elec
tronic enhancements in an appealing 
design at competitive prices. 

"It's a start," says Gary Elsasser, senior 
director of product planning for the 
worldwide computer systems group. 

Each Infinia has a well-thought-out LCD 
(LED on two models) panel that provides 
one-touch access for checking telephone 
messages, making a phone call, playing an 
audio CD, or runing into TV or FM radio. 

Bits 

Toshiba Infinia home PC. 

(A TV/FM radio capture card comes stan
dard on the top-of-the-line Model 7200, 
and a remote-control device lets you 
access entertainment fearures from any
where in the room.) Intel supplies theATX 
motherboards that have two universal se
rial bus (USB) ports and, depending on the 
model, a 200-, 166, or 133-MHz Pentium 
processor. A digital-videodisc (DVD) drive 
upgrade kit costing between $600 and $700 

Infinia Home PC Product Specs 
Model 7200 Model 7160 Model 7130 

PROCESSOR 
CPU Pentium Pentium Pentium 
Clock speed 200 MHz 166MHz 133 MHz 
L2cache 256·KB write· back 256·KB write· back 256·KB write·back 

pipeline burst SRAM pipeline burst SRAM pipeline burst SRAM 

MEMORY 
Standard RAM 32 MB of EDO DRAM 16 MB of EDO DRAM 16MBofEDODRAM 
Maximum RAM 128MB 128MB 128 MB 

3%·INCH ENHANCED IDE HOD 
Capacity 3GB 1.9GB 1.5G B 

(3.1 mill ion bytes) (2 million bytes) (1.6 million bytes) 

USER INTERFACE 
InTouch module with InTouch module wi th In Touch module with 
LCD and remote LED display LED display 

AUDIO 
Wave-table Hardware Software Software 
support wave table wave table wave table 

VIDEO 
TV/FM radio capture card Standard Optional Optional 

• S3 Virge 3-0 graphics accelerators 
·2 MB of high·speed 50'ns EDIO video memory 
• Supports up to 1280 by 1 024 pixels by 256 colors 

CD·ROM 
• Integrated 8x CD-ROM drive 

AUDIOSUPPORT 
• Full-duplex 16-bit Sound Blaster Pro-compatible audio system with SRS 3-0 sound 

COMMUNICATIONS 
• 28.8·Kbps fax/modem (software upgradable to 33.6 Kbps DSVD) 
• Full·duplex speakerphone 
• Answering-machine application 

EXTERNAL INTERFACES 
• One serial (1 6550 UART-compatible) port • One PS/2 keyboard port 
• One parallel (lEEE·PI284-compliant • One external microphone jack (monaural) 

ESP-compatible) port 
• One external SVGA monitor port 
• One PS/2 mouse port 
• Two universal serial bus (USB) ports 

SINGLE UNIT PRICE 
(ESTIMATED) $2799 

All bulleted items are shared by all models. 
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• One speaker out jack (stereo) 
• One line·in jack (stereo) 
• One MIDI/game port 
·AC INplug 

$1999 $1699 

will be available soon, as well as a camera 
and software for videoconferencing. The 
bundled software will include several lead -
ing packages, including Windows 95, 
Microsoft Works, Quicken SE, Microsoft 
Encarta 96 Encyclopedia, and, of course, 
the two leading Internet browsers. 

Toshiba is waiting until the CeBIT show 
in Hannover, Germany, in March to intro
duce its Infinia PCs in Europe, though the 
European versions will be upgraded mod
els from those now selling in the u.s. To
shiba also plans to launch a line ofpcs for 
business users in early 1997 and a line of 
servers the following year. 

- Rich Friedman 

Convert 
Windows 95 
Languages 
If you download a Web site in Chinese or 
another Asian language, you' ll often get 
garb le. In most cases, you will need an 
encoding/decoding utility program to 
convert this mishmash into a readable for
mat. But many of the available programs 
support only one Asian language. 

DynaLabs in Taipei is shipping a pro
gram that supports Japanese, Korean, and 
both traditional and simplified Chinese. 
Later this year, it will show GlobalSurf, an 
encoding/decoding program that sup
ports all languages running under Win
dows 95-more than 23 at last count, ac
cording to Derek Chou, sales manager. 

DynaLabs' Asian-language program, 
AsiaSurf, is a utility that runs on top of sev
erallanguage versions of Windows 3.1 or 
Windows 95, including Chinese, Japan
ese, Korean, and English. Thus, you don't 
need a Chinese version of Windows 95 to 
decode text, Chou says. AsiaSurf can also 
access on-line information, e-mail, and the 
Internet in these languages. The program 
can run under Netscape's Navigator and 
Microsoft's Internet Explorer. It supports 
cc:Mail and Microsoft Mail. 

It is simple to operate AsiaSurf: Down
load a Web page. On the screen, you'll find 
national flags from China, Japan, South 
Korea, and Taiwan. Simply point and click 
on one of these four flags, and the garble 
is converted into that language. The com
pany offers a free 20-day trial. To down
load AsiaSurf, simply call up http ://www 
.dynalab.com/. - Mark LaPedus 



Everything. 
Everywhere. 

NOKIA 
9000 
It's everyth ing you need to communicate: G5M phone, fax, short messages, Internet, e-mail, organ izer. All working together. 

50 you can receive e-ma il, edit it, save it, fax it. Then call to discuss it, handsfree. And the Nokia 9000 Communicator is 

so small you can put it in your pocket and carry it everywhere. 

NCKIA~ 
CONNECTING PEOPLE Circle 761 on Inquiry Card (RESELLERS: 762. 

h I I p : I/www . nokja.com/ 
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• Hot-swappable drive trays, 
power supplies, eiJ cooling fans 

• Environmental monitors 

• Internal battery backup 

• Intelligent SCSI backplane 
(no internal cables required) 

• Supports internal SCSI tape 
backup or other peripheral 

• RAID levels 0, 1, 1+1,4, eiJ 5 
with single ended or 

differential host interfaces 

Introducing CMD's new Daytona RAIDarray-

just add drives, and in minutes you'll be experiencing 

unmatched reliability and high performance. Daytona 

is the ultimate solution for applications requiring high 

performance, fault resistant desktop data storage on 

small to mid-size servers and workstations. 

Daytona RAIDarrays are platform and operating 

system independent and come in four half-height and 

six low-profile drive configurations with support for 

up to 64 MB of SIMM-based data cache. In addition, 

each Daytona offers plugeiJplay installation and low 

cost of ownership .. 

CMD has been a leading supplier of quality storage 

controller solutions since 1986. For more information 

on Daytona, or any of our outstanding RAID products, 

call us or visit our web site today at: www.cmd.com. 

1 Vanderbilt, Irvine, California 92618 
Ph. (800) 426-3832 or (714) 454-0800 • Fax (714) 455-1656 

C ircle 769 on Inquiry Card (RES ELLERS: 770). 
©1996 CMD Technology, Inc. All rights reserved. 
All trademarks belong to their respective owners. 
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INTERNATIONAL 

The Surging eTI Tide 
Companies are replacing their PBXes with lost-cost CT servers. 

By Bob Emmerson and David Greetham 

.--.. ancing to the mantra of more for less money, com
panies are rapidly replacing once-sacred PBXes with 
multifunction computer-telephony (CT) servers, 
though most replacements start at the departmental 

level. Large corporations are also using dedicated workgroup 
CT servers but continuing to use a PBX for the tasks it tradition
ally does well: call switching and call accounting. 

In today's computer-tele
phony-integration (Cn) 
architectures, the PBX oper
ates just as a switch. The 
smarts are in the CT server 
that sits behind the PBX. 
Though more innovative 
PBXes now support APIs, 
they remain foreign bodies in 
an open computing and com
munications world. A CT 
server's plug-in boards pro
cess all kinds of call-related 
duties-interactive voice 
response (IVR), speaker ver
ification, voice mail, fax on 
demand, and fax broad
cast- and hand the call back 
to the PBX with a switching 
instruction. What's so diffi
cult about switching a call? 
Why not provide pBX-like 
digital switching in a server? 

Many vendors are now 
deploying CT boards with 
switching-matrix chips (e.g., 
Dialogic's SC 2000 or Mite! 
Telecom's MT8980). These 
boards plug into the server's 
system bus at the bottom and 
interconnect at the top using 
a "mezzanine" telephony bus, a 40-pin ribbon cable. Calls come 
in on line-interface cards, get processed on the board, and switch
ing instructions are added. The line-interface card then routes 
the call across the telephony bus to the next card. 

For example, if a caller requests fax on demand, the line-inter
face card switches the call to a fax card; if a caller wants to talk 
to the sales department, the call will go to a telephony-interface 
card and be routed to a free agent. All this can be done without 
legacy switching, so you no longer need a dumb PBX. 

The basic technology to do all this has been around for a while 

from CT VARs and systems integrators. What's new is the rapid 
convergence of de facto hardware and software standards and 
the lower prices of industrial-grade PCs. 

Windows NT is becoming the preferred os for CTI applica
tions, and most of the board vendors provide NT drivers. NT's 
Exchange Server can accommodate many users with mixed
medium message traffic and seamlessly route these messages to 

Windows 95 Exchange cli
ents. As Nick Wilson, man
aging director of Dialogic 
Telecom U.K., points out, "A 
giant leap will be the next 
version of Microsoft's TAPI 
[Telephony API], which 
allows users to control Win
dows NT-based telephony 
resources from TAPI-enabled 
clients." 

Another development 
that is driving the move to 
computer-based switching is 
that board vendors are cram
ming more functionality into 
their products. Smaller orga
nizations may soon be able to 
satisfy all their call process
ing and switching needs with 
a single board. 

The Daytona voice cards 
from Pika Technologies 
(Kanata, Ontario, Canada), 
for example, have DSP-based 
(digital signal processor) 
voice-processing resources 
for up to 24 trunks per PC 
slot. These Multi-Vendor 
Integration Protocol (MVIP) 
boards (see the text box 

"New Switch-Ready CT Boards" on page 48IS 12) come with a 
suite of DSP audio-processing capabilities, including full voice
card functionality, caller ID detection, and basic conferencing 
features. For high-end applications, you can use a daughterboard, 
which adds another 120 MIPS of processing power. You need this 
for computationally intensive tasks such as multichannel speech 
recognition or text to speech. 

So, for less than $7000, you can turn a PC into a PBX and get 
a fully integrated CT solution having all the functionality any 
small- or medium-size enterprise could need in the near term. 

continued 
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PC Boards Replace PBX 
"We see the future of traditional PBX 
technology as very bleak. Open PC-based 
multimedia technology is causing a lot 
of panic in the telecom dealer channel," 
says Paul Smith, CTI divisional manager 
at Northamber, a CT component distrib
utor in the U.K. He adds, "The market 
potential of CT, especially for small and 
medium companies, is [in contrast] huge." 

Telephone ...... .. 
interfaces 

FAXcards ........ 

Scalable Solutions ......... Voiceboard 

• ___ MVIPdualTI 
There is an obvious physical limitation 
to the number of cards that can go into a 
Pc. In turn, this limits the number of ports. 
The current record is 256 duplex ports for 
an MVIP system and 512 duplex ports for 
a Signal Computing System Architecture 
(SCSA) system. To extend this figure, you 
can use ISA extension boxes and build 
larger systems by interconnecting two or 
more PCs using multi chassis MVIP buses. 
This feature gives PBXes in PCs their im
pressive scalability. However, there is also 
a limit to the number of PCs that you can 
interconnect: PC-based switching cur
rently works at 1536 ports, whereas large 
PBXes can go to 10,000 ports and more. 

ISA-orPCI
bus interface 

o Line interface cards connect direcUy to PSTN and telephones. 

E U T RON 

f) Switcbing-mabix cbip routes calls across the telephony bus to 
the next relevant cards. 

@) Fax or voice cards process the call or route it to another board. 

Because CT boards deploy switching-matrix chips, they 

have the power to eliminate a corporate PBX. 

"Although new standards are emerg
ing that will increase this figure, the really 
big boost will come from ATM [asyn
chronous transfer mode]," says Ruud 
Peeters, marketing director of VSN Sys-

temen, a CT software house. "Companies 
who can live within the limitation of 1500 
ports and currently have a PBX might as 
well introduce CT on a departmental basis 
and then scale the solution up over time, 

COM PUT E R SEC URI T Y 

Smarllock Company software control 

TOTAL PROTECTION 
FOR PC AND LAN 

SMARTLOCK is the integrated 
protection system which assures tota l 
PC and LAN security: unauthorized 
access to computers, input of illicit 
software into company PCs, viruses, 
illicit use of personal computers. 
Remote and integrated management 
for LAN applications. 

PC access control 

Prevents unauthorized access to Pc. 
Provides an audit trai l recording 
application programs executed, users 
and login times. Prevents unauthorized 
booting. Limits the use of floppy disk 
drives and peripherals. Executes 
on-the-fly transparent cryptography of 
the hard disk. 

EUTRON 24048 Treviolo Bergamo Italy -Via Gandhi, 12 Tel. +39-35-201003 

~ 

Prevents unauthorized execution of 
illicit unlicensed software. 
Takes census of company software. 
Allows controlled distribution of new 
software licenses via digitally tagged 
floppy disks. 

Antivirus 

Provides the fi nal solution to the 
software virus problem without 
requiring continuous updating. 
Takes preventive action by intercepting 
the viruses before they enter the PC, 
regardless of the type and techniques 
of attack. 

Increases performance 
Prevents the import of useless software 
(games, shareware, demos, etc.). 
Avoids accidental deleting or modifying 
of files containing vital data. Prevents 
from modifying CON FIG. SYS and 
AUTOEXEC. BAT system files. 

Fax +39-35-201277 - e-mail eutron@mbox.vol.it 

• Belgium: Akkermans 03-2338826 . Bulgaria: Vilma! 02-764533 . Finland: Dalma 90-27 11 800 . France: Log idata 1-46454546 
• Greece: Inter Engineering 041-531363 . Hungary: Montana-Kriptologia 1-2691191 . Poland: Gem Computers 022-261576 
• Slovenia: Stubelj 065-63215 • Sweden: JM Data 042-238444 . Spain: Larcu 91-79524 13 • The Netherlands: Akkermans 0464432424 
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The most complete multilingual 
connectivity suite offering a PC X 

server, Nelscape Navigotor™, 
and multivendor host connectivity 

including TN5250, TN3270, 
VT420, and OG 0470. 

The number of PC connectivity 
paths in your organization has 
grown, Your users want to connect 

their PCs to the Internet, to hosts 
around the world, and to 

X clients. Mapping out these 
routes requires the best PC-to
host connectivity software 

. available-SmarTerm®. 

SmarTerm crosses all the 
boundaries, taking Windows 

95, Windows NT, and 
Windows 3.1 users to the 

information they need, 
no matter where it is . 

Whether valuable data is 
on their favorite web sites, 

X clients on their local UNIX 
host, a remote ASj400 host over

seas, an IBM mainframe in the . 
corporate office, a Digital host at 
a regional branch, or a Data General 

host anywhere, your users can 
extend the reach of their PCs. 

SmarTerm makes efficient, reli
able and quick connections. It's 
designed specifically to reduce 
your training and support burden 
by including tools and utilities 
that automate common activities 
and integrate host and PC data. 
Plus SmarTerm is easy to learn and 
use, and the technical support is free! 

A cost-effective multilingual 
connectivity solution for 

enhanced tel net, fTP, and serial 
support for corporate users. 

your connectivity 
course today! Call Persoft 

. tor a free evaluation copy of 
Smatrerm for Windows 3.1 or 

Windows 95/NT: 1-800-TCP-3130. 

host connectivity including 

TN5250, TN3270, VT420, 
and DG 0470. 

ff 
Persoft, Inc., 465 Science Dr., P.O. Box 44953, Madison, Wisconsin 53744·4953 U.S.A. 

P
r.,.~,. rr@Phone(608)273-6000,Fax(608)273-8227, 1-800-368-5283, or sales@persoft.com 
~, .. UJ , World Wide Web www.persoft.com, Faxback (608)273-6090 

Persoft Inc, European Headquarters, Lower Woodend Barns, Fawley, Henley-an-Thames, 
Oxfordshire, RG9 6JF, United Kingdom, Phone +44 (0) 1491638090, Fax +44 (0)1491 638010 

SmarTerm provides simultaneous access routes to the 
information you need-whether it's on the Internet, 
in X applications, or on UNIX, IBM, Digital, and 
Data General hosts. 

Copyright 1996 PersoH, Inc. All Rights Reserved . SmarTerm and Persoft are reg istered trademarks of Persoft, Inc. Netscape Navigator is a trademark of Netscape Communications. 
All other trademarks are property of their respective owners. Rev.8/96. 
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with the long-term objective being re
placement of the legacy switching hard
ware when it has been fully amortized." 

The move to PC-based switching is 
being hastened by easy-to-use CT appli
cations generators that let programmers 
and even end users develop customized 
programs without having to be concerned 
with the nitty-gritty details of the con
nectinghardware. Sophisticated applica
tions generators are quickly coming to 
market. Some recent European products 
are Envox CT Studio, from Envox, and 
NextInfo, from VoiceBit. They run in a 
Windows environment and have RAD-like 
(rapid application development) features. 

A Universal API for eTI 
What will ultimately pave the way to PC
based switching is a single standard for the 
boards and an API superset, a framework 
that can embrace other CT APls- MAPI, 
TAPI, and Telephony Server API (TSAPI)
and also handle PBX-type switching and 
call control. T he Enterprise Computer 
Telephony Forum (ECTF), an industry 
consortium of key CT players, is work-

The Surging CTI Tide 

Your 24 - hour Answering 
Service Sans PBX 

P BXes normally have around three times 
as many internal extensions as incom

ing trunks. If you want more trunks than exten
sions, and if you want to use ISDN's multiple 
subscriber numbers and have up to 100 
numbers per trunk, you have a problem. 

Service Centrale Benelux (Oss, The 
Netherlands), a 24-hour guard and security 
service, had this requirement when it imple
mented a smart-call monitoring and answer
ing system to reduce the number of false 
break-in alarms. "Each of our clients is allo
cated a dedicated phone number;' says Ingo 
Heijst of Service Centrale Benelux. 

"Currently, we have more than 1 00 incom-

ing on two standards: H.I00 and S.300. 
H.I00 is a hardware standard that 

could finally merge MVIP and SCSA. It 
would let CT boards move up from to
day 's ISA architecture to PCI. Dialogic 
(Brussels, Belgium), Mitel, and Natural 

ing phone numbers but only a handful of 
agents. In the future, there will be more, but 
they will not need additional agents~ So the 
company deployed a PC-based switch solu
tion on a W indows NT server with an ISDN 
30B line-interface card and a station-inter
face board from VSN Systemen that con
nects directly to the phones. A Pentium Pro 
machine runs a call -monitoring application 
based on VSN 's Open Telephony Service 
middleware that is not limited to the number 
of incoming calls. A 486 backup server run
ning the same application updated by stan
dard NT repl ication facilities guarantees 24-
hour operation without downtime. 

MicroSystems (Natick, MA) support it, so 
it may become a de facto standard. Expect 
to see the first H.I00-compliant boards 
early next year. S.300, the ECTF's Service 
Provider Interface (SPI) specification, 
defines the management of call-channel 

SuperMonitor E 

for DOS, Windows ~~ 

RS232-Toolkit, SuperCom for 
DOS, Windows, OS/2, NT, WIN 95 

~~~~~~IIIIIIIIIB~~ § 
for MS ClC++, Visual C++, VisualBasic, Turbo/Borland C/C++, 
Turbo/Borland Pascal, Delphi, IBM ClC++, WATCOM C/C++ The flexible and versatil e solution for F. @' ~ 

your serial data and protocol analysis. The 8 l!l SuperCom is the development tool for exacting serial communicati on 
continous graphiC user interface for DOS c: software. That m eans ltign data security and high est transmission speed. The 
and Windows' gu arantees an easy §.g SuperCom libraries are fast even in a multitasking operating system like 
operation. §g ~ Windows 3.x, NT, Windows 95 or OS/2, The same programming interface is 

You are now able to conSiderably redu ce ~ ~ used among different languages and operating systems. 
your development time and costs when E 'E • Interrupt driven: transmiSSion, reception, linestatus, • Language independent DLL (Windows, NT, WIN95, 
setting up or monitoring a serial link by _ 'CD modem status, Up to 115,200 bps. OS/2) which can be used for simultaneous transfers 
using SuperMonitor. ~ § • UARTS: 8250,16450, 16550 FIFO, any port address, by applications, 

SuperMonitor i s able to execute not only t- ~ • Simultaneous COM_1..COM_36 (and unlimited). • Multiserial board support (AST, ARNET, DigiBoard 
simple short measurements but also long z "" • Direct register programming', Interrupt·Sharing. PCIX, HOSTESS, STARGATE). Reduces loading of 
day and night runs. In Wmdows' up to two 00 3i • Flow control: RTS/CTS, DTRJDSR, XON/XOFF and CPU through support of intelligent DigiBoard PClXe, 

:;: user defined. ANSI, nY, VT52, PClXem, PClXi boards (up to 7 BoardS/PC !!I). 
measurements can run simultaneously 11 ~ • Protocols: 3964R, ASCII , XMODEM, YMODEM, • Modem support, RS4221485 support. 
using the Tw in version. 'E ~ ZMODEM (CRCI 6132, crash recovery). • Supports 286 DOS·Ex1ender (e,g. PharLap, Bonand) 

You even have the possibility as 0 "" • Timer, Ctrl·Break and Exception handling. • NO ROYALTIES. No resident drivers', Just link the LIB. 
developer to extend SuperMonitor by 1i'i'<= • Multitasking support (Windows, NT, WIN95, OS/2) • FREE technical support. FREE demo 
using SuperCom the heart of SuperMonitor. gJ E • User Event Routines under DOS and Windows, • Full source code (C or Pascal and optimized ASM). 

0... -.:.. • Under Windows user can even post messages to • SuperCom++ (C++ or Pascal oaP) included. 
o up to 115 KBit baud rate c5 ~ the application using PostMessage, • Protected Mode Intertace (Windows) included, 
o parity: none, even, odd, marl<, space w co 
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The SuperCom OCX sUl?ports dialing up using Hayes compatible modems and R, ~ r~~ruwp 't~dl~,:;~gO\Cp~~~:'PJ~pa:~~:~~VI~abons Up to 40 channels (COMl COM40!) 
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Welre worth the ring. 

APPLICATION DEVELOPMENT EMERGENCY! 
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deve lopment projects could certa inly use t he lift . 
C irc le 7 12 on Inquiry Card (RES ELLERS: 713). 



Inte rn at io nal 

resources and interfaces for extending all 
kinds of system services. Industry play
ers agree that it will take another year 
before S.300 is fully rendered. 

CT Middleware 
In the interim, systems integrators and 
software developers will continue to work 
with middleware and vendor-specific 
Software Development Kits (SDKs) to 
implement call-center applications or 
Automatic Call Distribution (ACD). Mitel 
is a driving force behind client/server tele
phony. Its MediaPath platform lets pro
grammers develop CTI applications in C, 
C+ +, or Tcl/Tk (a public domain script
ing language). VSN Systemen offers its 
OpenTSP Telephony Server Platform (see 
the figure "OpenTSP Server and Client 
Platforms"), which is object-oriented and 
enables you to process, reroute, or com
press voice, fax, e-mail, and even video. 

OpenTSP makes all the functionality 
of a top-flight PBX availa~le to the client 
application. It also provides PBX statistics 
to the corporate database th rough an 
Open Database Connectivity (ODBC) 
link. This tightly integrated functional
ity lets developers implement powerful 
ACD systems on small systems at a rela
tively low cost. 

This solution is particularly attractive 
for companies who have a legacy PBX but 
wish to add CT functionality (e.g., a call 
center). Instead of taking the TSAPI route, 
which entails paying for a CT link between 
the server and the switch, they can fit an 
OpenTSP server between the PBX and the 
public telephone network. Over time, the 
company can extend the benefits of CT 
applications to an increasing number of 

Th e Surgi ng e TI T ide 

Open TSP Server and Client Platforms 
OpenTSP Server Model 

RPC 
Custom ODBC RPC Local Remote 
storage system system 

I-__ ~ Kernel , ... _-il ..... -II-_-f_a;;;d;;;mi;;;;n.~..;a;;;d;;;;mi;;;n.~ ACD 
tracer application 

Voice 
app6cation 

Remote 
monitoring 

CTC 
TAPI 

Statistics 
engine 

Client 
interface 

OpenTSP Engine 
(object-oriented) 

PBX 
DBS engine 

Win32 

NT kernel 

Open TSP Client Model 

Client application 

CT-Connect C-API 

NT network transportation 
(TCPIIP, IPXlSPx, etc.) 

Device Device Device ' 
driver 1 driver 2 driver 3, 
Third- art device drivers 

CTC 
direct 

I/O manager 

OpenTSP 
extension 

OpenTSP Telephony Server Platform enables you to process. 

reroute. and compress voice. fax. e-mail. and even video. 

users simply by adding more cards to the 
NT server and then by daisy chaining 
two or more of the servers together. 

PBX-in-a-PC solutions switch voice 
calls to phones and also connect to the 
LAN for data communications (i.e., they 

use both cabling infrastructures) . Elimi
nating the PBX brings the hardware cost 
way down and stops you being from being 
" locked in" to a closed, proprietary en
vironment. However, it does not provide 
true integration of voice and data, because 

New Switch-Ready CT Boards 

Computer-telephony (CT) boards plug into 
extension slots of a standard PC or into 

the passive backplane of industrial-strength 
computers. They interface to the publ ic net
work or the PBX, perform a variety of voice-pro
cessing functions, recognize DTM F digits, and 
then initiate an outgoing call or switch to addi
tional resources (e.g., fax-on-demand service, 
voice recognition, ortext-to-speech). To share 
resources within the PC chassis, these boards 
interconnect via a telephony bus-either Multi
Vendor Integration Protocol (MVIP) or Signal 
Computing System Architecture (SCSA). 

The digital-switching matrix that many CT 
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and line-interface boards now carry is a chip 
set that you can program forthe switching and 
conferencing of digitized voice signals. Mitel 's 
MT8980 chip, for example, switches pulse code 
modulation (PCM) , digitized voice, and data 
under the contro l of a microprocessor. 

The major vendor of SCSA-compatible CT 
boards is Dialogic (Brussels, Belgium) . You 
can get MVIP boards from companies such 
as Rhetorex (Bracknell , U.K.) , Pika Tech
nologies (Kanata, Ontario, Canada) , and Bit
field (Espoo, Finland), but there is no dominant 
board vendor in th is camp. Market studies say 
that the SCSA front sells more boards, but you 

have more choices in the MVIP camp. Over 
150 MVI P-compatible products are available 
from more than 50 companies worldwide. 
Functionality and pric ing are similar, but you 
cannot mix and match boards in the same PC 
housing. However, an SCSA-compliant PC 
will operate with an MVIP-compliant box (via 
multichassis MVIP). 

Most CT boards are for the ISA bus, but 
many vendors are making the move to H.1 00 
and PCI, thereby capitalizing on PCI 's bus
mastering and DMA capabilities. Expect to 
see these new PCI boards at the beginning of 
next year. 
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applications cannot treat voice as just 
another digital-medium type. 

Many experts believe ATM is the solu
tion because it integrates voice and data 
in one infrastructure. However, the price 
is high because the organization must 
install a new network environment. 
PhoNet Communications developed an 
interesting alternative. Its EtherPhone sys
tem uses existing Ethernet LAN structures 
and regular telephones. Combined tele
phone/network interface cards convert 
voice to Ethernet data packets and trans
mit calls over the data network in real 

You do! Velocis™ Database Server 
gives you speed-enhancing architec
tural choices and APIs, including SQL 
C-API, low-level C-API, C++ class 
libraries, and support for custom 
APIs. Typical relational client/server 
database products just can't keep up. 

And there's more! Velocis supports 
both relational and pointer-based 
network model databases in any 
combination as well as processing on 
either side of the client/server 
equation. 

The choices of multiple operating 
platforms, APIs, processing localities 
(client or server), and database 
models can be combined to satisfy 
the performance requirements of 
virtually any application, regardless 
of database size or complexity. 

Call: 1-206-557-0200 
Fax: 1-206-557-5200 

If it "sfast-it"s 

RAIMA 
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The Surging CTI Tide 

time. According to CEO Yoraon Baratz, 
EtherPhone eliminates the latency prob
lem by monitoring the network load and 
changing the distribution behavior. The 
LAN server houses software modules for 
voice mail, ACD, and billing information. 
These modules also control the external 
interfaces and the telephony system. 

You can achieve true CTI only when 
voice traffic runs seamlessly over a LAN 
infrastructure. EtherPhone is a great con
cept for companies with an Ethernet LAN 
in place and looking for an upgrade from 
a small key system to a PBX, but it can't 

Test drive Velocis Database Server today at www.raima.com. 
Raima Corporation, 1605 NW Sammamish Rd. #200, Issaquah, WA 98027 USA 

Inside the U.S.: 1-800-275-4724, Outside the U.S.: 206-557-0200, 
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Raima Benelux: 31 356944738 Colombia: 57 16210 070 France: 33 144610042 Sweden: 46 13 311588 

Baltic States: 372 631 4009 Finland: 358 0 8045 130 Ja an: 81 35548 6926 Russia: 7 812 3161965 
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provide ATM's flexibility in transporting 
isochronous, multimedia traffic. Mitel 
and Madge Networks, for example, dem
onstrated a solution called Networked 
Voice and Data (NeVaDa) at Networks 96 
in Birmingham, U.K. NeVaDa integrates 
real-time voice, video, and data onto a 
common, enterprise 15 5-Mbps ATM LAN 
backbone. It uses a single protocol to 
carry voice and data, thereby letting tele
phone and LAN traffic share one infra
structure and thus avoid the expense and 
overhead of two separate networks. 

All these developments show that the 
closed, proprietary world of the PBX is 
over. The PBX will continue to have a role, 
particularly in large organizations, but the 
benefits of PC-based switching and ad
vanced telephony are irresistible. 

De facto open standards like SCSA and 
MVIP have created this market, enabling 
CT players to cooperate and compete. The 
work the ECTF is doing will carry this pro
cess further. Scalable solutions are already 

WHERE TO FIND 

Envox PhoNet 
Zagreb, Croatia Communications 
+385 1 249070 Herzliyya, Israel 
fax: +385 1 249306 +972 9 502134 
envox@alf.tel.hr fax: +972 9 567432 
http://ccb.tel.hr/envoxphonet@shani.net 

Madge Networks 
Europe 
High Wycombe, U.K. 
+441628858000 
fax: +441628858011 
dpool@madge.com 
http://www.madge.com 

Mitel Telecom 
Slough, U.K. 
+441753816300 

VoiceBit 
Oulu, Finland 
+35881 5372353 
fax: +358 81 5372338 
juho.toivonen 
@voicebit.fi 

VSN Systemen 
Venray, The 
Netherlands 
+31 478555000 

fax: +44 1753 816333 fax: +31 478 589563 
dinojoannides@mitel 
.com 
http://www.mitel.com 

on the market, but in the future, chang
ing the feature set will be easier and the 
choice much wider. Dino Joannides, 
Mitel's director of business develop
ment in Europe, says, "Don't be surprised 
when shrink-wrapped applications that 
offer CT features of big PBXes start ap
pearing on the shelves of your software 
dealer sometime next year." iii 

Bob Emmerson is a BYTE correspondent who 

is based in Eindhoven, the Netherlands. David 

Greetham is a consultant with GreethamAsso

ciates (Turnhout, Belgium). You can reach them 

on the Internet at 73252.1364@compuserve 

.com oreditors@bix.com. 
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ATM Hits the Desktop 
The corporate sector demands more powerful connectivity. 

By Klemens Gaida 

.. --.. orporate interest in LAN-based asynchronous transc fer mode (ATM) is on the rise. Market studies fore
cast that in the next three years more than 50 percent 

.. __ .. of ATM LAN implementations will be at the back
bone level. Perhaps even more interesting, these studies also 
say that about 30 percent of these implementations will reach 
the desktop. Engineering, telemedicine, and LAN-based tele
phony and video applications are all fueling this great demand 
for more powerful desktop 
connectivity. 

From WANs to LANs 
Although ATM started out 
as a carrier technology for 
WANs and the public net
work infrastructure, con
ventional wisdom said it 
would migrate down to 
LANs. But this hasn't hap
peped as rapidly as expect
ed~ mostly due to the pop
ulariry of Fiber Distributed 
Data Interface (FDDI) and 
Fast Ethernet during the past 
couple of years. 

Also hindering ATM's 
growth is the ATM Forum. 
This n<,mprofit organization, 
compri~ing more than 500 
network vendors and tele
communications carriers, 
has issued so many specifi
cations so quickly that com
panies are confused about 
which one to implement. 
They've found that drivers 
for ATM network adapters 
often don't support the het
erogeneous structure of their 
existing LANs. But this is changing, as interest in ATM connec
tiviry to the desktop exceeds idle curiosiry. 

The concept of ATM was originally developed for digital 
Broadband ISDN (B-ISDN) WANs. ATM is a connection-orient
ed protocol that contains a connection identifier in every cell 
header. This connection identifier explicitly associates a cell 
with a given virtual channel (see "Virtually Well Connected," 
August BYTE). Traditional nerworks, including Ethernet, are not 
physically connected; systems communicate with each other 

over a network bus rather than by way of direct connections. 
These virtual channel connections (VCCs), which can be set 

up berween any source and any destination on a nerwork, are 
processed on ISO/OSI Layers 1 and 2 (the ATM layers). This means 
that network adapters must be able to process real-time com
munications and connection establishments. Also, adapter cards 
and switches need to understand the ATM signaling conventions 
and the qualiry-of-service (QoS) parameters of the ATM Adap

tation Layer (AAL) (see the 
text box "Single-Chip ATM 
Adapters" on page 48IS 20). 

Classical LANs share a 
common transmission me
dium and deploy a collision
detection scheme, such as 
Ethernet, or a token proto
col, such as Token Ring. In 
contrast, on anATM LAN, no 
common transmission me
dium is used. With an ATM 
network, many simultane
ous connections can be set 
up and maintained with dif
ferent transmission require
ments and without any col
lisions. This transmission 
method reserves the neces
sary bandwidth for each vir
tual connection. 

The general construction 
of eachATM LAN switch cor
responds to that of a public 
network switch. Typically, 
inanATMLAN, terminators 
connect in a star structure 
to one or more centralized 
nerwork nodes; the nerwork 
sets up a connection via sig
naling. This technology gives 

a network's users access to all ATM world services, from the 
public nerwork to the desktop. 

To support nonconnected data transmission in a WAN or 
public-nerwork environment, carriers deploy dedicated servers, 
the so-called connectionless servers (CLSes), which process high
er-level protocols. However, on a LAN, a dedicated CLS is not 
cost-effective, so new ways to let LAN users work with ATM must 
be found. 

Current applications and OSes are not designed to work with 
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ATM networks. These applications have 
no way to talk to the underlying network ATM on a Chip 
to communicate the priority or the band
width that an ATM connection would re
quire. In addition, the transport protocols 
of OSes such as Microsoft Windows NT 
and Novell NetWare are notorious for 
employing broadcast packets-a certain 
way to decrease the performance of ATM 
networks. 

LAN emulation provides the interop
erability layer between current, connec
tionless, LAN-aware protocols and appli
cations and ATM networks, but it cannot 
take full advantage of ATM's potential to 
provide a higher QoS. For optimal ATM 
networks, OSes should minimize broad
cast traffic and be smart enough to talk 
to the underlying network. 

ATM nelwor1! 

PCI bus 

Major OS vendors are working on con
nection-oriented abstraction layers. Mi
crosoft has licensed LAN-emulation code 
from Olicom (Lyngby, Denmark), and 
Novell is working with ATM hardware 
developers in the u.s. 

AII-in-one ATM chips enhance performance and reduce 

the price of ATM network interface cards. 

The ATM Forum has focused a great 
deal of effort on the definition of the User-
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Single-Chip ATM Adapters 

Key to the flexibility of asynchronous trans

fer mode (ATM) is the ATM Adaptation 

Layer (ML). lt provides transport for many types 

(Fremont, CAl , that combines an ARM7 pro

cessor core, a PCI interface, and static RAM 

(SRAM) on a single die. The card's so-called 

of services within one format. The AAL inserts AToM chip conducts the segmentation and re

payload data into the 48-byte information field assembly (SAR) of all data that passes through 

of an ATM cell and carries such network ser

vices as constant bit rate (CBR), variable bit 

rate (VBR), and available bit rate (ABR), which 

the network, handles User-to-Network Interface 

(U N I) signaling, and performs LAN emulation. 

The b ig advantage of having a N IC based 

is most important for LAN emulation over ATM. on an embedded RISC processor is the result

The AAl.:s duties aren 't handled by the net- ing flexibility. To adapt systems to new environ-

aggressively, industry sources say. However, 

FI FO-based chips rely heavily on fast bus-mas

tering PCI interfaces that use DMA to stream 

ATM cells into the host memory. Adapter cards 

w ith single-chip ATM ASICs will come from 

companies such as Olicom (Lyngby, Denmark). 

ATM ASICs are being developed by such 

companies as Fujitsu Microelectronics (Man

chester, U.K.) and Siemens (Munich, Germany). 

In addition, PCM-Sierra (Vancouver, British Co-

work, however; they must be overseen by the ments, the software running on the processor lumbia, Canada) released one of the first ATM 

network interface card (NIC). The NIC's main can easily be updated. This is particularly im- ICs, the Lasar-155 , earl ier this year. This IC, 

tasks include real-time communications, inter- portant in the ATM world, where standards are which is designed for 155-Mbps ATM NICs, 

active connection establishment, and LAN em- not yet completely f inalized. The Streamlink includes a FIFO buffer for eight cells in the 

ulat ion (LAN E). adapter is expected to be released in 25- and transmit d irection and 96 cells in the receive di-

There are two types of NICs for ATM: prod- 155-Mbps versions in December, with prices rection. ATM ASICs are said to perform more 

ucts that incorporate the logic in silicon on an starting below $200 for the 25-Mbps version efficiently in AAL 5 functions (i.e., reassembly 

ATM ASIC, and products that deploy a gener- and below $500 for the 155-Mbps version. and error control) and in the scheduling of cells 

ai-purpose processor and do the processing 

in software. Both approaches share a single 

goal: the one-chip ATM adapter. 

For example, ATMl.:s (Cambridge, U.K.) new 

Streamlink adapter board deploys an ATM 

chip, codeveloped by ATML and Cirrus Logic 

NICs that incorporate a single-chip ATM 

ASIC will hit the market early next year. In addi

tion to having an ATM chip, they will deploy 

either a frame buffer or a plain first-in/first-out 

(FIFO) buffer. Because they will work without 

any external memory, these NICs will be priced 
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based on network burstiness (known as traffic 

shaping) because they don't have to cope with 

any software overhead. 

Rainer Mauth is a senior editor and bureau chief 

in BYTE's Frankfurt office. You can contact him at 

rmauth@bix.com. 

LANs. Another important development 
of the ATM Forum's UNI Signaling Work
ing Group is the definition of QoS para
meters in the connection-setup message 
for each vee. These parameters include 
peak cell rate, peak burst length, and sus
tainable cell rate. 

Today, ATM LANs establish connec
tions as unspecified bit ra te (UBR) ser
vices; this enables connections to com
pletely depend on the switches' buffers. 
LAN connections shoul d, however, be 
requested as an avai lable bit rate (ABR) 
service, which is more appropriate for 
bursty LAN traffic. UNI aims at standard
izing this service. 

The latest UNI 3.1 specification, which 
was released last year, is not compatible 
with UNI 3.0. As a result, users have to 
ensure that their ATM adapters support 
both specifications. Expect the ATM Fo
rum to release the next version, UNI 4.0, 
by the end of this year. 

Currently, a refused connection in an 
ATM network leaves the client with just 
a single option : to try again later. UNI4.0 
will provide a negotiation/renegotiation 
scheme for QoS parameters and will give 
a client the option of changing the QoS 
during connection time. In summary, UNI 
4.0 adds more flexibility to the signaling 



A re you too having strange problems keeping your 

web server online for your customers? The cause 

of all those mysterious disturbances may be simple -

bad power. That's what causes 90 percent of all un

explained computer problems. 

Luckily, the cure for bad power is simple too - a 

FISKARS® PowerRite UPS (Uninterruptible Power 

Supply), specially tailored for Internet servers. 

Predictable power for the most 
unpredictable Web sites. 
24 hours a day, the PowerRite smooths out any fluctua

tions in your server's power input. In extended power 

failures, the backup battery takes over while the 

LanSafe III software performs an automatic, controlled 

shutdown of your server, securing all data and closing 

down your connections in the correct order. When power 

resumes, your server is automatically rebooted. 

So if your business is more and more dependent on 

reliable Web server operation , read more about FISKARS® 

PowerRite at www.fiskarsUPS.com/internetuPS/ - or buy 

now using our online order form. 

Obviously, you shouldn't 

have any problems finding us 

online. 

The complete FISKAR$0 PawerRite 
for Internet package includes 
• a UPS unit (PawerRite Max, 700 VA) 

•

• the PawerWeb™ software for 
monitoring your UPS from any 
PC connected to the Internet 

• the LanSafe III software 
• a surge protector 
• PLUS a free animated screen saver! 

FISKARS® Circle 729 on Inquiry Card (RESELLERS: 730). 

Fiskars Power Systems, P.O . Box 54, FIN-02921 Espoo, Fin land . Phone +358-9-452661, fax +358-9-4526 6396, e-mail: marketing@fiskarsUPS.com 
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setup, but at the cost of greater protocol 
complexity. 

Manyoftoday'sLANsandATMLANs 
deploy multiple protocols. For such en
vironments, ATM LAN emulation is a 
desirable solution because it provides a 
link between connectionless LAN proto
cols and the connection-oriented net
work. For pure TCP/IP networks, the clas
sical IP-over-ATM specifications enable 
TCP/IP nodes to establish point-to-point 
connections. 

An alternative to multiprotocol rout
ing over ATM is the Multiprotocol over 

ATM Hits the Desktop 

ATM (MPOA) standard, which will be 
finalized by the ATM Forum early next 
year. However, it's important to note that 
MPOA is not a routing protocol in itself. 
It's more of an architecture that enables 
ATM clients to query routers or router 
servers about the best path through an 
ATM network. 

In contrast to IP over ATM, LAN emu
lation deploys the TCP/IP protocol with
out modification. In addition, you can use 
classical LAN adapters, standard Network 
Driver Interface Specification (NDIS) and 
Open Data-Link Interface (OD!) drivers, 

TAiNET COMMUNICATION SYSTEM CORP. -~ -..... -=- . - . Booth No: B510-514 
B510B-5148 

18Idquaters: 
3f. MD.6.lIIev 23. line 91,Sec.1. 
!IeI·1u ..... TIIPIIl Tliwan. U.c 

m: 886·2·6583000 fAIl: 886·2·6583232 
(-mall: #SIIes@aCCm8Il.IlIinlllCOllLlW 
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and all LAN protocols at and above Lay
er 2 over an ATM network. The LAN em
ulation (LANE) is processed by either the 
ATM adapter or, if legacy LANs are cou
pled through an ATM backbone, an ATM 
switch. 

LANE implements a client/server ar
chitecture to map Media Access Control 
(MAC) addresses to ATM addresses (a pro
cess known as address resolution). In this 
terminology, the LANE client is the work
station, and the server is a service imple
mented in the ATM network. The draw
back of this concept is that LANE supports 
only data transmission, not voice or vid
eo transmission. 

LANE supports three different net
work structures (all-ATM, LAN-to-ATM, 
and LAN-to-LAN) usingATM as the back
bone, thus providing a step-by-step mi
gration path. When the coupling ofLANs 
over ATM does not meet the requirements 
of corporate network traffic anymore, a 
company can link single workstations or 
segments to an ATM backbone or create 
an all-ATM LAN. In connecting the local 

WHERE TO FIND 

ATMl 
Cambridge. U.K. 
+44 1223 566919 
fax: +44 1223 566915 
http://www.atml.co.uk 

Olieorn 
lyngby. Denmark 
+4545270000 
fax: +45 45 270 101 
http://olicom.com 

network to the publicATM infrastructure, 
users can create a homogeneous enter
prise network. 

In the future, when more LANs quit 
the shared-medium era and move on to 
connection-oriented switching, there's a 
good chance that even the internal struc
ture of a workstation might follow this 
trend. Then all peripherals may feature 
an ATM interface that connects to a PC's 
internal ATM coupling field. 

The big advantage of an ATM I/O bus 
will not be the resulting high data trans
fer rates; these may eventually be out
performed by other technologies, such as 
the Fibre Channel protocol (see "Fibre 
Channel: Fast and Flexible," May BYTE). 
Rather, the user of an overloaded com
puter could expand system resources just 
by setting up another VCC on a compan
ion workstation without interrupting any 
other data transmission. IlJ 

Klemens Gaida is a consultant with Eutelis 
Consult (Ratingen, Germany). You can contact 

him at editors@bix.com. 



Just Plug it in! 
With Accton it's that simple! 

Has your current Ethernet network got you pull
ing your hair out because it's too slow and trouble
some to upgrade? Here's the answer! Accton's 
Fast Ethernet and Switches give you high perfor
mance-without the hassles. 

Upgrading is easy. Designed for plug-and play 
installation, our products are fully compatible with 
existing Ethernet networks- protecting your cur
rent network investment. With Accton Fast 
Ethernet and Switches you can see immediate per
formance gains with no additional infrastructure 
expense. 

For more information on Fast Ethernet and 
Switches call your local Accton distributor today. 

IT'S VERY WB.l 
MAlINTNNAN 

AceTon 
Just right for workgroups 
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Get MITAC'sPursuit and delve into endless 
enjoyment. 

MeetDiscovery, MITAC's navigator. Providing 
instant ease-of-use, this fun and eye-catching 
Windows~ 95 -enhancer makes computing a lot 
easier and more fun for everyone. 

Scan and edit text and graphics in a flash. Move 
data from your notebook, PD A or digital camera 
to your Pursuit at warp speed, easily. Or use 
Pursuit as your phone, fax, Intemetle-mail 
machine, and even as your stereo & video player. 

Enhance your skills with super communication 
software. Entertain yourself with exciting games. 
Or pursue many other computing thrills at a 
speedy 166MHz Intel® Pentium® processor and 
awesome 3D graphics & sound. 

Get a MITAC Pursuit today and enjoy. 

& pleasure. 

A1iTAC ~ 
COMDEX Fall '96 
Visit Mitac at Hall 5-2, L2435 

The Intel Inside Logo and Pentium are registered trademarks oriOlel Corporation. 

Specifications are subject to change without notice or obligation. 
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The Rise of Asian pes 
Expect more powerful pes and servers for less money. 

By Mark LaPedus 

.-... sian PC companies experienced mixed success in 

A the early 1990s. However, they are now making a 
resurgence in the worldwide desktop and server mar

..... kets, as they begin to leverage their strengths in con
sumer electronics. Taiwan's Acer, which had major losses in the 
early 1990s, is projected to jump from being the world's eighth
largest PC supplier in 1995 to the second-largest player by the 
year 2000, says Jason Lin, an industry analyst at Dataquest Tai
wan. This will put Acer next 
to Hewlett-Packard. 

Japan is also knocking on 
the door. Last spring, NEC 
merged its international PC 
operations with Packard 
Bell, forming the world ' s 
largest PC company. What's 
more, NEC, Fujitsu, Hitachi, 
Toshiba, and Sony will ex
pand or reenter the world
wide PC and server markets 
later this year. The timing 
couldn' t be worse for these 
companies. Amid falling 
margins and a price war in 
the industry, all PC makers 
are finding it increasingly 
difficult to differentiate their 
products. 

Unlike consumer elec
tronics, Asian companies do 
not drive the PC business. 
Thus, to get a feel for where 
the PC is heading, it's impor
tant to look at what Intel and 
Microsoft, the dominant 
forces in the industry, are 
planning. By the end of the 
year, Microsoft will unveil its 
PC 97 Design Guide, a set of 
guidelines for designers of future PCs and peripherals- which, 
of course, must be compliant with Windows 95 and NT. 

For Intel, "the driving force for the Pentium Pro will be the 
acceptance of Microsoft's Windows NT 4.0," a 32-bit OS with 
the Windows 95 interface that takes full advantage of the 
superpipelined architecture of the microprocessor unit (MPU), 
says Takahiko Umeyama, senior PC analyst at IDC Japan. In fact, 
Acer, Compaq, NP, IBM, and others are rushing to release their 
Pentium Pro- based NT servers. 

As a result, Pentium Pro-based system prices are dropping. 
In the middle of this year, for example, NEC's PC-9821Ra20, 
which sold for $3980 in Japan, came with a 200-MHz Pentium 
Pro processor, 16 MB of RAM, a 1.2-GB hard drive, 64-bit PCI 
graphics, and a 100-Mbps LAN controller. And Dell's Optiplex 
GXPro 200 Pentium Pro-based machines cost $2899 for the entry
level 180-MHz system, about $5000 for a midrange 200-MHz desk
top, and $7990 for a dual-CPU system. 

By the end of this year, 
however, you will get much 
more for your money, ac
cording to people familiar 
with Intel's systems road 
map for OEM customers. For 
example, an entry-level Pen
tium Pro- based desktop 
with roughly the same fea
tures as NEC's PC-9821Ra20 
could go for only $1800 or 
less-nearly the same price 
asa 133-MHzPentium-based 
PC in the middle of this year. 
A midrange desktop based 
on a 200-MHz Pentium Pro 
may cost $2000 to $3000. 

A full-blown box will 
include 32MB of RAM, a 1.2-
GB hard drive, 64- or 128-
bit (or 3-D) graphics, an 
eight-speed (or faster) CD
ROM drive, a 10-/100-Mbps 
LAN card, full-duplex audio, 
videoconferencing capabili
ties with a charge-coupled
device (CCD) camera, a 15-
inch monitor, and the 
universal serial bus (USB), 
which connects up to 127 
peripherals over a 12-Mbps 

network. (Intel is still wavering about support for a competi
tive technology endorsed by Apple and Sony, called IEEE-1394 
or Firewire, a bus that offers 100- to 400-Mbps transfer rates.) 

A high-end 200-MHz Pentium Pro desktop could go for $3200 
or less. It has features similar to midrange desktops, but the high
end box supports NT 4.0 and other OSes, as well as 3-D graph
ics controllers that provide z-buffering, color interpolation, tex
ture mapping, rendering, and arcade-game-like functions. There 
is support for 3-D APls such as OpenGL, Direct3D, and others. 

continued 
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Multimedia 
SoundBloster 32 Plug N Ploy OEM 115 
Mouomedio Director 5.0 ............ BOB 
Proximo Ovonon 820 Acnve ....... 2252 
Rodius VideoVision Teleco~ ....... .501 0 
Turtle Beoch Trope' + ... ... .. .......... 207 
TrueVision Torgo 2000 .. ....... .. .... 3854 

Backup 
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..... 6477 
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..... .700 
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Computers 
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DEC Pennum ondAlpho .............. .cAll 
Hp·AII models ............. ............ .cAll 
IntelMB Endeovorw/sound ...... .cAll 
Intel Anontis 166 sound+VGA ... . .cAll 
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Hard Drives 
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Graphics Cards 
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Intel EtherExpress Pro PCIIOO ..... 208 
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SMC EtherEZ POCombo .............. 159 
SMC EtherPower PO I 0/100Mbit I 53 
5 PACK/2!HACK/5Q-PACK/IOQ-PACK 
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Windows 95 on CD .... ................. 90 
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(In 1997, Intel will implement its Accel
erated Graphics Port [AGP], a memory bus 
that provides a 200-Mbps link between 
the graphics accelerator and the chip set, 
bypassing the overtaxed 133-Mbps PCI 
bus.) 

Intel's road map implies that a key for 
all desktops is connection to the Internet. 
"The 14.4-Kpbs modems are being phased 
out," says T. G. Wang, vice president of 
Taiwan's GVC, the world's second-largest 
modem maker as well as a major supplier 
of PC boards, notebooks, and monitors. 
"Faster modems or ISDN will become nec
essary for many applications." GVC will 
enter several new modem markets by the 
end of the year: Digital Simultaneous 
Voice and Data (DSVD), Asymmetric Dig
ital Subscriber Line (ASDL), cable mo
dems, and others. The most promising 
one is DSVD, which simultaneously trans
mits data and voice signals over a single 
dial-up phone line using Y.34 modulation. 
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The Rise of Asian pes 

AcerAltos 19000 Server 

1997 and Beyond 
Early next year, PC makers will begin to 
offer systems based on the next-genera
tion Pentium chip, the long-awaitedP55C, 
a 200-MHz device with multimedia exten
sions, dubbed MMX. MMX will boost per
formance on many audio and video appli
cations. Intel will also have a new-and
improved Pentium-level chip set. Called 
the 430TX, it supports extended-data-out 
(EDO) and synchronous DRAM (SDRAM), 
USB, AGP, and other functions. 

In early to mid-1997, look for desktops 
and servers based on Intel's next-genera
tion Pentium Pro, code-named Klamath. 
It's a 200-/234-MHz MPU with a larger L1 
cache than the current MPU but no inter
nal L2 cache. Next year, Intel will also talk 
about the code-named Deschutes, a low
power version of Klamath, reportedly for 
use in notebooks. Both Klamath and Des
chutes will include MMX. By then, Intel 
will also have a new chip set for its Pentium 
Pro, called 440LX, which supports multi
processing, SDRAM, USB, AGP, and other 
features. 

In the next year or two, PC makers may 
offer fast accelerators based on Micro
soft's Talisman project, an effort that 
hopes to put high-end workstation graph
ics on inexpensive PCs. In theory, Talis
man displays 3-D objects by using a highly 
intelligent chip called a compositor, which 
picks up and textures polygons on the 
fly. 

"Next year, we will offer a home PC 
based on a Pentium Pro," says Arthur Pai, 
director of product management at Acer, 
which is also reportedly looking at the 
P55C for the home market. "We will also 
offer [Klamath] for our entry-level and 
midrange servers." 

You shouldn't expect the P7- a 64-bit 



Flatbed Scanner Series: 
Desktop Publishing Scanner 
Avision' s Desktop Publishing scanners generate 
sharper colors at Faster speed, These color 
scanners have a range of 300 dpi to 600 dpi 
and support 24 bit, 30 bit to 36 bit color. With 
Avision's color matching technology you have 
"What-You-See-Is-What-You-Get"with your 
color photos. All Avision color scanners are 

compatible with PC or 
MAC platforms, 

Document Scanner Series: 
High Speed Scanner (AV 800) 
Avision document scanners are engineered for 
both document image processing and desktop 
publishing. The built-in automatic document 
feeder holds up to 50 pages and can reach the 
speed of 10ppm, 20ppm and 30ppm,These 
high speed scanners have 300 dpi resolution 
and support B&W, 256 level gray and 24 bit 
true color, Along with the industry standard 
TWAIN & ISIS drivers these scanners come 
equipped with an 
interface 
card. 

Portable Sheetfed Scanner 
Series:Personal Scanner 
The AV100 series personal sheetfed scanners 
can scan at 300 dpi. They are equipped with 
a 10 page Automatic sheet feeder and scan 
at a fast 7 ppm, These portable scanners support 
B&W, 256 levels gray scale and 24 bit color. 

AVISION has 
a Vision to Make Things Better... II II 

"WHAT YOU SEE ON PAPER, YOU CAN SEE IN YOUR COMPUTER" 
and with a decade of experience in designing image scanners. 

AVISION presents a series of DIP 
and DTP models that significantly 

reduces paper waste 

IT'S VERY WELL 
MADE IN TAIWAN 

and contribute to a better 
environment. 

/ 

/ 

With i~s small 11,6"x4.2" r~\ ~ 
footprint, these " • 
scanners make a .1>..>,1\5 10"," ,"",,$ M a,4e 1\ • \tJ 
perfect SOHO partner ~~ 
that perform multiple 
functions such 
as Fax, Email, 
OCR,lmage 
Editing and 
Electronic Filing. 

AGfAVISION INC. 
NO.20, Creation Rd. 1, Science-Based Industry Park HsinChu, Taiwan, R.O.C. 
TEL:(3)5782388, FAX:(3)5777017 

* South Europe: Mitas Ital ia, 
TEL:39-471 -540940, FAX:39-471-540949 

* East Europe :HUMANsoft Electronics Ltd. 
TEL:361 -1 63-2879, FAX:361-251 -3673 

* Germany:bhs Binkert 
TEL:49-7753-92080, FAX:49-7753-1037 

* Austria: Typhoon Asia Impex 
TEL:43-1-7075566, FAX:43-1-7075553 

* U.S.A.:Avision Lab, Inc. 
TEL:1 -51 0-440-8785, FAX: 1-51 0-440-8337 

* Brazil:SND Electronica, Ltda. 
TEL:55-1 1-2233000, FAX:55-11-2230533 

See Us at 

···i].COMDEX 
Fall'96 
Sands Expo, 
Booth S4S87 
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.. Real-Time Multitasking .for: 
Borland (IC + +, Microsoft C!( + +, or Borland Pascal 

.. RTKernel supports: 
MS-DOS 3_0 or higher, Embedded Systems without ~OS, 
Paradigm Tools (info available), Turbo Debugger, (odeView 

.. preemptive 
and cooperative 
scheduling 

.. up to 64 priorities 

.. your program's 
functions run as 
parallel tasks 

.. Windows can run 
in parallel with 
RTKernel tasks 

.. inter-task 
communication 

.. timer 
with I ~ s 
resolution through Shared 

(ode/Data, 
semaphores, .. real-time 
mailboxes, message- c~pabi ~ties 
passing t roug event-

. . driven schedul ing 
.. unlimited number of .. drivers for screen 

tasks, about I K per keyboard up to ' 
task needed 38 (OM ports, IPX 

.. timer rate services, fl oppy 
adjustable from 0, I disks, hard disks, 
to SSms etc. 

.. Developer's License: $550 
complete Source Code: add $500 
no run-time royalties 

RTIarget 32 Cross Development System 
• for 32-Bit Embedded Systems 

.. 32-Bit Development System for: 
Borland C!(++, Microsoft (!(++, Watcom C!(++ 

.. RTIarget-32 supports: 
Intel 3861486 EXISX/DX(2), as little as 16K RAM/ROM 

.. boot code for 
floppy, hard disk, 
EPROM disk 

.. optional paging 
and RAM 
remapping 

.. FLAT memory 
model with 
physical = logical 
addresses 

.. program download 
at II S200 baud 

.. supports standard 
pes and controller 
boards 

.. fu lly supports the 
(f( + + run-time 
systems (printf, 
malloc, etc.) 

.. serial 
communications 
library 

.. privilege level 
o od 

.. locator for Win32 
PE-files 

.. Developer's License: $1700 a!:I 
complete Source Code: add $1000 
no run-time royalties • 
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Asian 'PC Companies Form 
Complex Partnerships 

To relaunch their PC businesses, Asian 
vendors, especially those in Japan, are 

taking different paths than in years past. 
Instead of trying to make every PC compo
nent, they are forming complex partnerships 
and manufacturing all iances w ith outside 
companies (and sometimes compet itors) . 

Most Asian PC makers are taking one of 
three routes to get their desktops to the mar
ket: Go with Intel or Taiwan-or both. For 
example, Sony and Toshiba will have their new 
PCs made on an OEM basis by Intel. Sony 
and Toshiba w ill also buy PC boards and 
processors from Intel. 

In contrast, Fujitsu and Hitachi are buying 
PC boards and systems from one source: 
Acer. Meanwhile, NEC, Japan's largest PC 
maker, last spring merged its international PC 
operations with Packard Bell. The companies 
wil l join forces in product development, 
except in Japan. They also have an 0 EM deal 
and monitor joint venture in China with 
Taiwan's GVC. 

"Japanese PC companies are concerned 
about getting thei r manufacturing costs 
down;' says Colley Hwang, director of the 
government-sponsored Market Intelligence 
Center in Taipei. "So I th ink you'll see more 
partnerships between Japanese and Taiwan 
companies:' 

To get a hint of what's coming from some 
of these vendors in the desktop arena, it may 
be useful to find out what Taiwan is doing with 
motherboards. Acer w ill ship the AP65, a 
baby-AT PC board that supports Pentium Pro 
processors ranging from 150 to 200 MHz. 
The AP65 comes with Intel's 440FX chip set, 
up to 512 MB of extended-data-out (EDO) 
DRAM, four 32-bit PCI slots, and three ISA 
slots. Acer also offers boards based on the 
emerging ATX form factor. ATX is a baby-AT 
baseboard rotated 90 degrees. 

Later this year, Asustek will ship a board 

787 -based processor currently being code
veloped by Intel and HP-untiI1998. The 
P7, code-named M erced, is for high-end 
Unix servers. Contrary to popular belief, 
though, Merced won't use a very-long
instruction-word (VLIW) design; instead, 
it will use a modified superscalar archi
tecture with instruction-level parallelism, 
sources say. 

New Japanese Push 
Japan's PC industry is gearing up for a 
renewed push into the u.s. With the ex-

for Pentium-based PCs. The PI-XP65UP607 
comes with a riser or daughtercard that pro
vides a smooth upgrade path from the Pen
tium to the Pentium Pro. This ATX-based de
sign comes with the 440FX chip set and a 
SIMM socket that supports EDO DRAM. 
Asustek will also offer a board with a Pentium 
Pro-level chip set from SIS. 

This fall , First International Computer wi ll 
ship the PA-60 1 0, an ATX board built around 
Via's Pentium Pro-based core-logic IC, the 
VT82C680 Apollo chip set, a three-piece 
solution. The board supports EDO DRAM, 
burst-EDO (BEDO) DRAM, and synchro
nous DRAM (SDRAM).lt also supports four 
72-pin SIMM or two 168-pin dual-in-line
memory-module (DIMM) configurations. Like 
the boards from Acer and Asustek, the PA-
6010 also supports the universal serial bus 
(USB). First International's board will sell for 
$150. 

By the end of the year, GVC will offe r a 
range of Pentium Pro-based boards. Its first 
two boards, the ASP620 and ASP621, are 
ATX designs that support the 440FX chip set, 
3-D graph ics, 16-bit sound, infrared, and 
USB. The next board, the ASP61 0, is a low
cost solution that supports these features as 
well as Intel's Accelerated Graphics Port 
(AGP) , a high-speed memory bus that pro
vides a 200-Mbps link between the graphics 
accelerator and the chip set. 

Next year, GVC hopes to show a board 
that w ill support Intel's next-generation 
Pentium Pro chip, code-named Klamath. This 
ATX board will support AGP, 3-D graphics, 
USB, and otherfeatures. GVC may also have 
an all -in-one board based on Chromatic 
Research's Mpact chip, a multimedia pro
cessor that has 3-D graphics, 16-bit sound, 
video, a fax/modem, and other functions-all 
on the same IC-says Kenny Huang, market
ing manager. 

ception of Toshiba, which is the world 's 
largest notebook maker, most Japanese 
computer suppliers have mainly focused 
on the domestic market. 

As mentioned earlier, NEC, Japan's 
largest PC maker with more than 40 per
cent of the market share, has merged its 
international PC operations with Packard 
Bell. Meanwhile, Toshiba will sell in the 
u.s. a new line of PCs that are geared for 
the home market. Earlier this year, Fujitsu 
entered the notebook field. This fall, it 
will launch a line of desktops and servers 



li;abyte libraries employ sophisticated technology Hke intel-
igent robotics and multiple drives workip,g'" parallel to 

ensure fully automated back-up and rapid fjlei retrieval. When 

equipped with our new Mammoth drive a s~letihrary caiistore 
from 140 gigabytes up to 3.2 terabytes ofJataat~, traI!$f~r0rate 
up to 86.4 GBlhr. 

" As the leader in 8mm technology we have designed our libraries 
to be compatible with multiple software applications across all 
client/server platforms. Exab;ytie is the only manufacturer to 
design all the comp0n.ents in ,J' family of libraries; these include 

drives, media and tobotics. OUf tape library expertise eases inte
gration, assures a clear upgrade path and delivers superior per
formance, capacity, reHab' ittY and fully automated back-up. 

C ircle 765 on Inquiry Card (RESELLERS: 766), 

Exabyte Europe, tel: +31 30 25 48 800, fax: +31 30 25 81 582, THE S TA N DAR DIN S TOR AGE 
Pythagoraslaan 100, 3584 BB Utrecht, The Netherlands 



memory lately? When 
was the last time you 
were lost in the dark? 

Best Protection From Main Power 
Established in 1989, we have rapidly become one 

of Taiwan's premier developers of uninterruptible 

power systems. We are constantly developing 

new and innovative products designed to meet 

your requiremen today and into the future. 

The Total Solution 

In addition to UPS products, we also offer a 

fu ll line of UPS monitoring and shutdown 

software products available for most 

operating systems. 

The UPS of the Future 
••••• Today 

Line Interactive UPS 
600VA-1400VA 

True On Line UPS 
600VA-2000VA 

See us at 
COMDEX/Fall, 
Sands Expo 
#S3019F3 

~ 

= 
Standby UPS 

300VA-1200VA 

MAIN POWER ELECTRONICS CORPORATION 
SF1., No.2, Alley 9, Lana 45, Pao Shin Rd., Hsin lien City, Taipei, Taiwan, RO.C 

TEL: 886·2·91B0636 FAX: 886--2-9180657 

E-MALL: mpowef@ tptsl.seed.net.tw 

www.upstaiwan.com.tw 

Circle 756 on Inquiry Card (RESELLERS: 757) . 

Internatio na l Th e Rise of As ian p e s 

, 

Internet-Server Bandwagon 

Are you looking for powerful but lower
cost Web servers? Check out Taiwan. 

Local companies are beginning to get a 
foothold in the fast-growing Internet-server 
business with a range of low-cost CISC- and 
RISC-based systems. 

Acer, Tatung, Umax, and other Taiwanese 
companies are shipping servers for handling 
TCP/IP data traffic jams on the Internet. Like 
the PC-clone makers in Taiwan, however, the 
Internet-server manufacturers generally price 
their hardware lower than the more famous 
U.S. names such as Apple, Hewlett-Packard, 
IBM, Sun, and others. 

"We charge 1 0 percent to 15 percent be
low competitive systems from Apple;' says 
a spokesman from Umax, Taiwan's largest 
scanner company that also entered the Mac
clone business last year. 

Meanwhi le, Tatung will move into volume 
shipments w ith its latest Web workstat ion 
and servers, which are based on the 64-bit 
UltraSparc processor. Tatung offers two 
Web machines, the CompStation U 140-i 
and U170-i. They support the 143-and 167-

for the international markets with its u.K.
based subsidiary, ICL. 

St ill , t he question lingers: Will the 
Asian PC vendors dominate going into the 
next century? They have an advantage in 
their closer geographical and sometimes 
ethnic ties to some of the faster-growing 
markets in the region, including China, 
India, and Indonesia. 

It will take vast resources to survive the 
cutthroat PC business, a market that favors 
the big conglomerates in Japan and Korea. 
Not all will survive. Hong Kong's PC ven
dors have nearly disappeared, while com
panies in Singapore are focusing on niche 
markets. China's PC vendors are not a fac
tor outside their country. 

WHERE TO FIND 

Acer.lnc. 
Taipei. Taiwan R.O.C. 
+8862 545 5288 
fax: +886 2 545 5308 
http://www.acer.com/ 

Asustek 
Computer. Inc_ 
Taipei. Taiwan R.O.C. 
+88628943447 
fax: +886 2 896 7761 

First Internat ional 
Computer. Inc_ 
Taipei. Taiwan R.O.C. 
+8862 717 4500 

fax: +886 2 714 8676 
http ://www.fic.com.tw/ 

Fujitsu ltd. 
Tokyo. Japan 
+81 447548577 
fax : +81 447548554 
http ://www.fujitsu.com 
.jp/index-e.html 

GVCCorp. 
Taipei. Taiwan R.O.C. 
+88627552226 
fax: +8862755 2513 
twang@gvc.com.tw 

MHz UltraSparc ch ips, respectively. Both 
systems are designed for power-hungry but 
price-sensitive Internet service providers 
(lSPs) and Java applications developers, a 
spokeswoman says. 

You can mix and match the system com
ponents and peripherals, but a standard con
figuration for both systems is 32 MB of mem
ory, a 1-GB hard drive, Turbo GX graphics, 
and a 20-inch co lor monitor. Models also 
offer three SBus slots, a 1 OBase-T Ethernet 
interface, and other options. Another key to 
the Tatung machines is the Ultra Port Archi
tecture- a high-performance interconnec
tion that provides transfer rates of up to 1 .3 
Gbps, making it ideal for TCPIIP data traffic 
jams. Both systems come w ith software to 
access the Web, including SunSoft's Internet 
Gateway Server 1.0, Netscape's FastTrack 
Server, and Solaris 2.5. 

Acer is making a push in the Web-server 
market with its AcerAltos 19000, based on a 
single- or dual-Pentium Pro processor. The 
19000 runsa TCPIIP package underSC O 
Unix, NetWare, and Windows NT. 

Korean PC Market 
Domestic PC Growth 

3.0,.------------·-

£! 2.5 /-------- -. I § 

~ 2.01-------• . I n .. ~ 

1.0 
" . 1 ' 

Source: Electronics tndustry Association of Korea 

Growth of Korea's domestic PC market 

in t erms of unit volu mes. 

The shakeout in the PC business has 
already taken place in Taiwan. Acer is the 
only vendor remaining with worldwide 
brand name recognition. Most of the 
remaining PC p layers in Taiwan build 
p roducts for OEMs. 

The survivors in the PC business have 
some common traits, including strong 
technology, distribution, and brand name 
recognit ion. Says IDC Japan's Umeya
rna: "To be successful, a company needs 
to be strong in all three areas." Ii) 

Mark LaPedus is a BYTE contributing editor 

based in Taipei. You can reach him by sending 

e-mail to 5916955@mcimail.com. 



Connectin~ Jhe world 
with E·TECH 

E336RX lR717 ~·Gain H-PIPE 
New V.34bis 33,GOObps SERIES 'SDN TERMINAL ADAPTER Subscriber Line Digital Multiplexer 

Advanced Features: Advanced Features: 
HOSt. Transport Slistem 

Advanced Features: 
• 33.6k bps modem with 14.4k bps fax 
• Supports ITU-T V.34bis, V.34, V.32bis, 

V.32, V.22bis, V.23, V.22,V.21, Bell 212 
& 103 standards 

• DTE 115,200bps,DCE 33,600bps 
• With V.42bis, MNP5 Data compression 
• G3 Fax Compatible 14,400 bps 

send and receive 
• Data / Fax / Voice Function 
• Worldwide PIT Approvals 
• Supports windows 95 

• Basic Rate ISDN Access 
• Two Analog Ports Supported 
• High Speed V.24 Data Port up to 

115,200bps 
• Asynchronous-to-Synchronous 

PPP Conversion 
• V.120 and V.110 Rate Adaptation 
• X.25 on D Packet Data Application 
• Multiple Subscriber Numbering(MSN) 
• Calling Line Identification Security 
• Easy-to-Configure AP Supported 
'10 LED Status Indication 

,.......... See us at Comdex Fall '96 

• Optional Network Management System 
• Low Power Consumption 
• No Remote Battery Needed 
• Flexible Alarm System 
• High Voice Transmission Quality 
• Fax and Modem Channel Quality 
- Easy Maintenance 
-Freely Mix 1+1, 1+3 and 1+7 in COT 

• Low Cost, HDSL Transmission Technology 
• Repeaterless E1 / T1 Service, Connects at 
DistancesUpTo6KM (El) /7.2KM(Tl). 

• Modular Design, Easy Installation and Maintenanoe. 
• Fiber Optic Quality Over Existing Copper Cable 
Multiple Interface Options. 

• Network Management System for Remote 
Monitoring. 

C irc le 738 on Inquiry Card (RESELLERS: 739). 

E-TECH, INC. 
"'ii?' An. !F~'l "E November 18-22 ~ 'W

SZT 
\! '.I \..: Booth NO: Hilton Convention 

AEN-' - - Center H11 00 

30, R&D Road 2, Science-Based Industral Park, HSin-Chu,Taiwan, R.O.C. 
TEL: 886-35'774991 • FAX 886-35-777751 internet: http//www.e-tech.com.tw 
E-Mail:service@ml.e-tech.com.tw 



Comms • Async 
Fax Plus for Win 
FaxMan SDK 

Comms • Network 
Distinct TCP/IP Visual Internet 
dsSocket 1.25 Intro 

Database 
ADENBX 
Smithware VBX for Btrieve 
VB/ISAM MU for Win 16-bit 

Graphics· Charting 
Chart FX 3.0 (16-bit only) 
Charting Toels for Win - VB 
Real-Time Graphics Tools - VB 
VBGraphix 

Graphics. Image Files 

£175 
£390 

£265 
£65 

£350 
£180 
£145 

£210 
£180 
£300 
£270 

Image SDK PlusNBX 2.0 £250 
ImageKnifeNBX Std 2.0 £200 
ImageManNBX 5.0 £230 

Multi·Function 
Borland Visual Solutions Pack 
Designer Widgets 2.0 
Muscle (Win) 
VBlite 1.0 
VBToois 4.0 
Visual Developer's Suite (16 bit) 
WinWidgetsNBX 

Borland C++ 5.0 
Borland C++ Dev Suite 5.0 
BC++ Dev Suite + Des Tools CALL 
MS Visual C++ Subscription 4.1 £399 
MS Visual C++ Standard 4.0 £59 
Optima++ Developer Intro £139 
Salford C/C++ Win Dev £395 
Symantec C++ 7.2 £375 
Turbo C++ for Win 4.5 £68 
VisualAge for C++ 3.5 w/Docs £326 
Watcom C/C++ 10.6lntro £145 

High C/C++ for Ext-DOS/Win £620 
Salford C/C++ DOS Dev £195 
Turbo C++ 3.0 £66 

Delphi Desktop 2 
Delphi Developer 2 
Delphi ClienVServer Suite 2 

ABC for Delphi 1.0b 
Apiary Dev Suite for NetWare 
Asynch Pro 2.0 for Delphi 
Borland RAD Pack for Delphi 
Charting Tools for Win - Delphi 
Component Create 
Conversion Assistant Database 
Eschalon Power Controls 
Helping Hand for Delphi 
HyperTERP/Delphi 
ImageLib 16-bit 
InfoPower 2.0 
InnoView MultiLanguage 
KingCalendar Pro 
List & Labels for Delphi 3.5 
Mobius Draw Kit 
Mobius FastSprites 
OCX Expert 
Orpheus 
Pumpkin Project Manager 2.0 
Real-Time Graphics Toels 
Transform: Component Expert 
Visual PROS 1.1 
WinG Sprite Kit 

0996/cs 

£245 
£390 

£1260 

£99 
£195 
£135 
£125 
£180 
£155 
£98 
£98 

£150 
£120 
£109 
£179 
£125 

£65 
£295 

£99 
£105 
£195 
£135 

£86 
£360 
£125 
£1 19 
£99 

Sundry Components 
CADControl 
d-Barcode VBX/DLL 
VB/Magic Controls 
Visual CAD Dev Kit 

Sundry Controls 
3D Graphics Tools 4.0 
EDI-VBX 1.0 
GantWBX 
MediaKnifeNBX 
VBX Artist 
Visual Instrument Panel Cntrls 
VideoSoh VSViewNBX 

Text Editor Controls 
TX Text-Control Standard 

Tools 
SpyWorks-VB 2.1 
TMS Toels 1.1 
VBAssist 3.5 
VB/DLL 2.05 
VERSIONSNB 1.1 

Comms 
Async Pro for Win 2.1 
COMM-DRV/LiB 16.0 
Fax C++ SDK for Win16/95 
Greenleaf CommLib 5.2 
OnNet SDK 4.0 

Compression 
Crusher! Win DLL w/Source 
Greenleaf ArchiveLib 2. 1 
PKWare Data Comp Lib for Win 
TCOMP/Multi-Platform 2.12 

Database 
Code Base 6.0 
CXBase Pro 
DBTools.h++ for ODBC 
DISAM96 for DOS/Win 
List & Labels for Win (Pro) 
POET Personal SDK 4.0 
ProtoGen+ Client/Server Win 
Raima DBM Engine+EADS 4.0 
Velocis + EADS (Offer) 
Visual SOL 

Graphics· Charting 
Charting Tools for Win 2.0 
Essential Chart for Win 
GraphiC/Win 7.0 
Graphics Server 4.0 
Real-Time Graphics T oels 

Graphics .. Images 

£365 
£94 

£120 
£520 

£130 
£705 
£195 
£290 
£240 
£150 
£105 

£205 

£135 
£105 
£770 
£235 
£370 

£235 
£210 
£175 
£105 

£270 
£500 

£1250 
£715 
£410 
£649 

£1470 
£740 
£250 
£990 

£180 
£275 
£360 
£245 
£360 

Ad Oculos (Image Analysis) 2.0 £325 
Image SDK Plus for NT £505 
ImageKnife Pro 2.0 £280 
ImageMan DLL 32 & 16-bit 5.0 £620 
LEADTOOLS Win32 Pro 6.0 £715 

Comms 
Essential Comm 5.0 £235 
MagnaComm/DOS £215 
SilverComm "C" Asynch 4.06 £210 

Database 
c-tree Plus 6.5A £565 
SohFocus Btree/ISAM £75 

Graphics & GUI 
3D-Ware Prof £99 
Fastgraph 4.0 (Ted Gruber) £195 
GX Graphics 3.0 £155 
MetaWINDOW-DOS 5.0 £215 
Zinc Engine & DOS Key 4.1 £634 

Maths & Scientific 
C/Math Toolchest & Grafix £45 
Huge Virtual Array & NAT 3.0 £215 
Science, Eng & Graphics Tools £11 5 

Screen 
C/Windows Toolchest £45 
Greenleaf Datawindows 3.0 £225 
TCXL UI for DOS/Win 6.2 £135 

General & Systems Libraries 
GX Sounds £165 
MTASK £215 
nSR Ram Res Dev Sys 2.03 £100 

Tools 
C-DOC Pro 6.0 £240 
C-Vision for C/C++ 4.0 £145 
CodeCheck (Professional) £475 
PC-Lint for C/C++ 7.0 £135 

Graphics & GUI 
3d Graphics Tools 5 (32-bit C) £230 
ProtoGen+ Pro for Win32/16 £415 
WinGKS £575 
WinMaker Pro 6.0 £725 
zApp £575 
Zinc Engine & Win16/32 Key £634 

Maths & Stats 
IMSL C Numerical Libraries £495 
IMSL Math Module for C++ £495 
Math.h++ 5.1.3 £495 
Money.h++ £1075 

Sundry Components 
C++ Booch Components £415 
HeapAgent 16 & 32-bit Combo £655 
TG-CAD Prof 6.0 £1235 
Tools.h++ 7.0 £340 
WinWidgets++ £240 

Tools 
CC-RIDER for Win16 
KPWin++ 
Newi Solo Intro 
SOMobjects Dev Toolkit 
Visual Parse++ 

Visual Basic Enterprise 4.0 
Visual Basic Professional 4.0 
Visual Basic Standard 4.0 

3d Graphics Tools 5 (32bit VB4) £149 
Apiary Dev Suite for NetWare £195 
AutoCoder £55 
BetterState Pro wNB CodeGen £249 
ButtonMaker £75 
ClassAction (VB4) £110 
ClassAssist (inc Oblets) £175 
Code Bank (VB3/4) £88 
Code Complete £175 
Crescent Internet ToolPak 2.0 £135 
Designer Widgets 2.0 £99 
EnQuiry 2.0 (VB4) £199 
ERwin/Desktop for VB4 £399 
GeeWiz2.0 £75 
Helping Hand for VB £150 
Into Code (VB4) £55 
List & Labels for VB3/4 3.5 £295 
PowerPak Enterprise for VB4 £925 
PowerPak Professional for VB4 £505 
SplashWizard £75 
Spyworks - Prof 4.0 (inc Sub) £225 
Tear Off Menus for VB4 £115 
VB AppFramework £159 
VB Assist 4 £130 
VB Compress Pro 4.0 £98 
VB Language Manager Pro 3.0 £132 
VB/FailSafe Pro £195 
Vision StoryBoard 4.0 (VB4) £175 
Visual Bridge (Access ~ VB4) £89 
Visual Expert Developer £250 
XREF 2.0 £95 

MS Visual Basic for DOS Std £100 
MS Visual Basic for DOS Prof £240 

dbllib Prof 3.0 £195 
Graphics Workshop £105 
PDQComm 2.62 £85 
ProBas 7. 1 £210 
QuickPak Pro 4.19 £145 

Circle 710 on Inquiry Card, 

PowerBASIC Pro (Win&DOS) £210 
PowerBASIC DLL Compiler £106 
XBasic Pro (Win32) £199 



INTERNATIONAL 

miroMedia Online 
Price: DM 399 (plus DM 119 
for the radio upgrade) 

miro Computer 
ProductsAG 
Braunschweig, Germany 

+49531 21130 

Circle 988 
on Inquiry Card. 

fax: +49 531 211399 

http://www.miro.de 

Communications Command Center 

The big strength of the miroMedia Onl ine communications 
package is its versatility. The product is a hybrid V.34 modem 

and sound card that's based on IBM's Mwave DSP technology. 
In combination with intelligent media management software, the 
board works as the command center for all your PC communi
cations needs. 

The package provides a complete phone subsystem, includ
ing a speakerphone, voice mail, 
and an answering machine. The 
included fax software offers inte
gration with Microsoft Exchange 
and fax-forwarding functionality. 
Also, its Digital Simultaneous Voice 
and Data (DSVD) features let you 
speak to a remote collaborator and 

share applications at the same time over the same phone line. 
The wave-table sound subsystem allows for good-quality audio 

recording, playback of audio CDs, and sound editing. The sys
tem can be upgraded via an FM radio-receiver piggyback board 
that enables digital audio recording directly to a hard disk. 

-Rainer Mauth 

Hardware 

This month's lineup features desktop data mining, 
complete communications, and forms processing. 

Portable Hard 
Drive Connects 
to PC Card Slots 

THE DlsKM AN, A COMPACT, PORTABLE 

540 MB. MCE Computer 
Peripherie GmbH, Otto brunn, 
Germany, +4989609 10 86; 
fax: +49 89 609 20 17. 
Circle 989 on Inquiry Card. 

RAID-l Controller 
for IDE Drives 

2'{,- inch hard drive, offers a fast AC-M IRROR, A FAULT-TOLERANT RAID-

and reliable way to increase t he 

hard disk storage of your PC or 

notebook. The device connects to 

any PC's parall el port or PC Card 

slot and can store up to 1.39 GB 

of dat a. It's h ig h Iy shock -resista nt 

and easy t o ca rry, and it offers a 

pass-throug h for concurrent disk 

access and printing. 

Price: 81 0 MB, £329; 1.39 
GB, £429. Opti International, 
Ltd., Barking, Essex, U.K., 
+44 181507 1818; fax: +44 
181594 2235; 1005 17 
@compuserve.com. 
Circle 990 on Inquiry Card. 

High-Speed Hard 
Disks for Mobile 
Computers 

THE ROBUST TR AVELsTAR 2LP 5 '/4-

inch hard drives are optimal de

vices for mobile computers: They 

measure 12.5 mm high and weigh 

only 140 grams. These devices use 

IBM'sAdapt ive Battery Life Exten-

der t echnology and can store up 

t o 2.1 MB. With a 128-KB cache 

and DMA-mode-2 functional ity, 

they achieve data t ransfer rates up 

t o 16.6 Mbps. 

Price: Starts at DM 320 for 

1 IDE controller, makes an efficient 

data-security solution for sing le 

PCs. Th e product has the abi lity 

to work w ith as many as four hard 

drives of diffe rent capacities. The 

AC-Mirrorsystem, which requires 

no driver software, supports DOS, 

Windows, NetWare, OS/2, and 

most Unix fl avors. 

Price: DM 300. Hantz & 
Partner GmbH, Gundelfingen, 
Germany, +49761 592100; 
fax: +49761 585228; 
100431 .2606@compuserve 
.com. 
Circle 991 on Inquiry Card. 

High-Speed SCSI 
RAID Controllers 

ICP VORTEX 'S NEW GDT6000 LI NE 

of f ast and w ide SCSI disk-array 

controllers offers complete RAID 

functionality from level 1 t hrough 

level 5. These PCI boards ach ieve 

dat a-transmission rates as fast 

as 40 Mbps in synchronous mode. 

They have t he abil ity to operate in 

mixed 8- and 16-bit environments 

and come in one- and two-chan

nel versions. In addition, drivers 

for all sta ndard OSes, including 

Lin ux, are available. 

NO VEMBER 199 6 BYTE 48 15 3 3 



International Hardware 

Price: Call company. ICP 
Vortex Computersysteme 
GmbH, Flein, Germany, +49 
71315972 0; fax: +497131 
255063; info@vortex.de. 
Circle 992 on Inquiry Card. 

, ' 

Systems 

Do MPEG-2 
on Your Desktop 

THE MPEG PFW 6000 IS A 166-MHz 
Pentium mach ine that has the abil
ity to convert video into MPEG-2 

half 0-1 or ful l 0-1 format. The 
system includes 32 MB of RAM, a 
4-GB hard drive, four RISC ch ips 
on two separate PCI boards, a ded
icated MPEG-2 playback board, a 
PC-based scope, and a digital noise 
filter. With this workstat ion, you 
can produce MPEG-1 for video CD 
and MPEG-2 video streams with 
704- by 576-pixel resolution and 

15-Mbps data streams. 
Price: Starts at DM 99,900. 
APE Ptacek Engineering 
GmbH, Munich, Germany, 
+49896302090; fax: +49 
8963020990. 
Circle 996 on Inquiry Card. 

Low-Cost PC 

FIRST INTERNATIONAL COMPUTER'S LEO 
Titan 995 is a fully functional PC 
that sells for less t han $1000. The 
system is bu ilt around AMD's K5-
PR90 microprocessor, an x86-based 
Pe nti um-level chip. The Leo Titan 
995 comes with 8 MB of memory, 
256 KB of Level II cache, 1 MB of 
video memory, a 14-inch monitor 
with 1280- by 1024-pixel resolu
tion, 1.2 GB of hard disk space, a 

six-speed CD-ROM drive, 16-bit 
sound, speakers, and as software. 
Price: Call company. First 

48 1S 34 BYTE NOVEMBER 1996 

International Computer, Inc., 
Taipei, Taiwan, R.O.C., +886 
2 7174500 ext. 7051; 
fax: +8862 7148676; 
http://www·fic.com.tw/. 
Circle 997 on Inquiry Card. 

Workstation for 
Industrial Control 
Systems 

ADVANTECH'S MIPC-70CT WORKSTA
tion is designed for embedded and 
industria l control systems, such 
as instruments and other equip
ment. The MiPC-70CThasan open
frame arch itecture to provide flex
ibil ityforend users. The system also 
comes with a lO.4-inch TFT LCD 
with 640- by 480-pixe l reso lution 
and offers simultaneous support 
for a VGA monitor and flat-panel 
displays. The MiPC-70CT worksta
tion, which is built around an all
in-one PC motherboard based on 
either a 486 or a Pentium proces
sor, comes with a 2'/,-inch hard 
d rive. A th ree-slot ISA-bus expa n
sion kit is optiona l. 
Price: Call company. 
Advantech Co., Ltd., Taipei, 
Taiwan, R.O.C., +8862218 
4567;{ax: +88622184566. 
Circle 998 on Inquiry Card. 

New Fax-Testing 
Boards for Product 
Developers 

ASPECT 4G, A DEDICATED FAX-PRO
tocol testing board, includes Win
dows software that runs prepro
grammed tests, manages private 
protocols, and passively observes 
protocols. The system can ana lyze 
V.34 modulation, V.8 frames, and 
compatibi lity wit h no and T 4. The 

product is designed for regulatory 
organizations, test laboratories, and 
product developers. 
Price: Call company. KTT, 
Fontenay-sous-Bois, France, 
+33143940505; fax: +33 1 
43949161; info@ktt.fr; 
http://www.ktt.fr. 
Circle 993 on Inquiry Card. 

----------

Videoconferencing 
.. ' 

ISDN and LAN Video 
Communications 

A VIDEOCONFERENCING SYSTEM THAT SUP
ports the H.320, H.323, and T.120 
standards, the ViPA-12 is an ISDN 

and LAN multimedia conferencing 
system for the Pc. It allows you to 
make and receive calls across an 

analog or ISDN telephone network. 
An outgoing phone call can be con
figured as either video- or speech
only. The data-conferencing soft
ware lets you share an application 
and transfer files. 

Price: Call company. 
Loughborough Sound Images 
pic, Loughborough, U.K., +44 
1509634300; fax: +441509 
634333; sales@lsi-dsp.co.uk; 
http://www.lsi-dsp.co.uk. 
Circle 994 on Inquiry Card. 

Raster-Image System 
for Cartographers 

DIGIMAP 3D IS A COMPLETE PACKAGE 
for producing raster images and 
digita l terrain models from paper 
maps, satellite images, aeria l pho
tographs, and digital files. This Win
dows system has a 32-bit graphics 

kernel and simu ltaneously man
ages multiple layers of cartographic 
information in any type of projec
tion. Other features include data 
extraction, geocoding, terrain-data 
interpolation, and geographic trans
formation . System hardware in
cludes a large-format co lor scan
ner, a CD-ROM recorder, and two 
166-MHz Pe nt ium PCs. 
Price: Call company. ATDI, 
Paris, France, +33 14007 
0440; fax: +33140170477. 
Circle 995 on Inquiry Card. 

Speedy Infrared 
Printer Interface 
for Data Transfer 

INTERCON-INFRAPRINT, AN INFRARED 

printer interface for all parallel 
printers, provides notebook com
puter users with an IRDA-compat
ible infrared sensor to transfer data 
without cable connections. ltsends 
data at rates up to 115 Kbps across 
distances up to 1 meter. The device 
automatica Ily switches between 
the infrared sensor and t he norma l 
paralle l ports, so no data can get 
lost. 

Price: DM395. SEH 
Computertechnik GmbH, 
Bielefeld, Germany, +49521 
942260; fax: +4952144 
4049; rcl@seh.de; 
http://www.seh.de. 
Circle 1000 on Inquiry Card. 



• The BYTE Archive 
Two years of BYTE, more than 
3,000 full-text articles, 
illustrations, and photos ... all 
indexed for quick retrieval! 

• The BYTE Network Project 
The BYTE Site ... a living laboratory 
showcasing the best tools for 
building Web applications. Read 
about it in BYTE ... try it out online! 

• The Virtual Press Room 
Instant access to vendor press releases and 
white papers! Links to vendor web sites! 

• BYTEMarks 
FREE Benchmark! Download the BYTEMark
the benchmark with teeth! 

• Direct Access to Advertisers 
Contact Byte advertisers DIRECTLY through the 
online advertiser index! 

I =,IJ II The BYTE Site. The World's Online Technology Authority. 
A Division of The McGraw-Hill Companies 

'&Z 



Instrumentation 

Software 
News 

a LabVIEW'" 4.0 - Graphical Programming 
- High-powered productivity tools for fast development 
- Graphical compiler for optimized execution speed 
- FlexVIEW user-configurable environment 

a LabWindows'" /CVI 4.0 - Tools for C/C++ 
- Easy-to-use GUI editor, C program-generation tools 
- More than 600 GPIB and VXI instrument drivers 
- Works with Visual C++, Borland C++, WATCOM, 

and Syrnantec 

a ComponentWorks~ - ActiveX Controls for Visual Basic 
- OLE controls for analog and digital I/O 
- User interface OLE controls (graphs, knobs, meters, more) 
- Works with Visual Basic, Visual C++, and Delphi 

aVirtualBench~ - Turnkey Virtual Instruments 
- Turnkey; PC-based virtual instruments 
- Oscilloscope, function generator, DSA, DMM, data logger 
- Runs on Windows 95/3.1 with our DAQ products 

a Measure'" - Direct Data Acquisition for Excel 
- Acquire data from DAQ boards or serial instruments 
- Easy-to-use configuration panels - no programming 
- Data values placed directly into spreadsheet cells 

Call for your FREE evaluation 
copies of these software products 
on our Software Showcase CD. 

European Branch Offices: Austria 0662 45 79 90 0 • Belgium 02 757 00 20 
Denmark 45 762600 • Finland 90 527 2321 • France 1 48 14 24 24 

Gennany 08974131 30' Italy 02 413091 ' Netherlands 0348 433466 
Norwa y 32 84 84 00 • Spain 91 6400085 • Sw eden 08 730 49 70 

Switzerland 056 200 51 51 • U.K. 01635 523545 

u.s. Corporate Headquarters. Tel: (512) 794-0100 • Fax: (512) 794-841 1 
E~mail : info@natinst.com • WWW: http: //www.natinst.com 

o Copyright 1996 Notional Instruments Corporation. All rights reselVed. 
Product and company names listed are trademarks or trade names of their respective companies. 

Circle 714 on Inquiry Card . 

International Software 

WinPhone+ Adds 
Calling to Windows 
Applications 

THE LATEST VERS ION OF WI NPH ONE + 

wo rks with st andard World Wide 

Web browsers and automati ca lly 

Alice 
Price: $985 

Circle 976 
on Inquiry Card. 

dials any number appearing on a 

Web page. I n addition, the tele

phony program can dial out of any 

standard DOS, Windows 3.x, or 

Windows 95 program and is com

patib le with Windows NT 4.0. Wi n

Phone+ reveals deta ils of inbound 

ca l ls and suggests best dial-out 

times based on t ariff information. 

It also communicates with standard 

palmtop computers and supports 

GSM Short Message Service (SMS). 
continued 

150ft 

G if sur Yvette, France 

+331 69412777 

fax: +33 1 6941 2532 

alice@ isoft.fr 

Data Mining for Business Users 

Finally there's a program that can bring data mining to your mar
keting department's desktops. Alice, a streamlined version of 

ISoft's decision-tree-based AC2 data-mining product, is designed 
for mainstream business users. It's a major step on the road toward 
easy-to-use and easy-to-understand data mining. 

With Alice, you select a data source-a spreadsheet, a database, 
or the output of a statistical package-and point at the field you want 
to analyze. This Windows 95 application then uncovers the pat
terns behind the data. Like AC 2

, it represents results in decision 
trees, giving you a good grasp of the basic correlation and allow
ing for an easy check of hypotheses. 

Of course, there are trade-ofts. Don't expect fine-tuning or vali
dation facilities. And you can 't specify the properties and parame
ters of an analysis or cross-validate the results. But most market

ing users don't require such features. 
Alice provides an intuitive and quick way to discoverthe secrets 

that underlie complex databases. For users who need more spe
cific featu res for certain application fields (e.g ., risk evaluation), 
ISoft plans to ofter vertical add-ons to Alice. -Rainer Mauth 



is essentialin keeptng.up with 
the dempnds of 3D graphics, 
animation, and Internet 
browsing. 

GVe's new line of professional 
monitors offer you state 
of the art features such 
as On Screen Display (OSD) 
for easy adjustment. 
Our high-resolution, 
high-contrast screens bring 
you exceptionally vibrant colors 
and crystal clear 
images. 

More importantly, 
from our extensive experience 
as a world-wide 
top tier OEM supplier, 
we are able to provide you with 
exceptional values! 

To find out more, 
please contact us at 
8F, 80, Sec. 2, An-Ho Road, 
Taipei, Taiwan, R.o.c. 
Tel:886-2-701-2226 
Fax:886-2-704-0338 
E-Mail: monitor@gvc.com.tw 

visit us at COMDEX Fall, Booth #: 5-3544 
CRT type Horizontal Vertical Resolution 

Freguency Freguency (Max.) 
M1448 14"/0.28 30-50KHz 50-90Hz 1024x768 
M1450 14"/0.28 30-50KHz 50-90Hz 1024x768 
M1558 15"/0.28 30-56KHz 50-90Hz 1024x768 
M1565 15"/0.28 30-69KHz 50-90Hz 1280x1024 
M1568 15"/0.28 30-69KHz 50-90Hz 1280x1024 
M1764 17"/0.39 30-69KHz 50-90Hz 1024x768 
M1765 17"/0.28 30-69KHz 50-90Hz 1280x1024 

M1785 17"/0.26 24-85KHz 40-100Hz 1600x1200 
Diamondtron 

Front panel 
control 

Option 

analog 
digital speaker 
analog 
digital speaker 
digitalOSD 
digital speaker 
digitalOSD speaker 

digitalOSD speaker 

GVC IS REGISTERED TRADEMARK OF GVC CORPORATION. OTHER BRANDS AND PRODUCT NAMES ARE TRADRMARKS OF THEIR RESPECTIVE HOLDERS 
C ircle 754 on Inquiry Card (RESELLERS: 755) . 



To Subscribe to BYTE magazine, or for 
Customer Service, contact your local 
BYTE Subscription Representative: 

Benelux 
Gerry Westerhof 
Phone: 31 72509 1855 Fax: 31 72509 1145 

Bulgaria 
Daniel Christov 
Phone/Fax: 359 2 974 3557 

France 
Eric Le Quinio 
Phone: 33 1 49 77 03 06 Fax: 33 1 43 76 74 29 

Germany, Austria, Switzerland 
Wolfgang Brezina 
Phone: 49 89 525 847 Fax: 49 89 529 850 

Greece 
Maria Hadjioannou 
Phone: 30 61 620384 Fax: 30 61 272072 

Hungary 
Imre Szabo 
Phone: 36 76 488888 Fax: 36 76488889 

Ireland 
Ian Bangham 
Phone: 353 1 2807133 Fax: 353 1 2807157 

Italy 
Enrico Campia 
Phone: 39 11 8127656 Fax: 39 11 8994422 

Middle East 
Zafar Inamdar 
Phone: 971 4666788 Fax: 971 4621149 

Poland 
Wlodek Bincyzk 
Phone/Fax: 48 2 625 2275 

Portugal 
Manuel Neves 
Phone: 351 1 3479301 Fax: 351 1 3475127 

Scandinavia 
Gunnar Sandbjerg 
Phone: 45 3314 2226 Fax: 45 3314 2218 
or Lauge Dehn 
Phone: 45 86 223188 Fax: 45 86 228159 

South Africa 
Cape Town: J Trisos 
Phone: 27 21 244094 Fax: 27 21 248681 
Durban: T Tyson 
Tel: 2731 2027303 Fax: 2731 2027307 
Johannesburg: M Kendrick 
Tel: 27 11 8804988 Fax: 27 11 4428327 

Spain 
Barcelona: Javier Casellas 
Phone/Fax: 34 3 2380342 
Madrid: Eduardo Montojo 
Phone/Fax: 34 1 5716685 
or Henri Misrahi Phone: 34 1 7337346 Fax: 34 1 7338970 
Turkey 
Cengiz Eren 
Phone: 90 216 345 3473 Fax: 90 216 346 2464 

United Kingdom 
Peter Gregson 
Phone : 44 1 61 4303423 Fax: 441 61 4946976 
or John Luker 
Phone: 44 1 258821114 Fax: 44 1 258821115 

If there is no BYTE representative listed above for your 
country, please contact : 

BYTE Subscriber Services: 

8/96 

PO Box 72, Galway, Ireland. 
Fax: +1 35391 752793. 
Phone: +1 35391 752792. 

A Division ofTheMcGraw-HiU Companies 
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International 

Price: DM 199. MegaSoft 
GmbH, Wien, Austria, +43 
1 4702022; fax: +43 1 470 
2022 77; herbert@megasoft 
.co.at; http://www.megasoft 
.co.at. 
Circle 979 on Inquiry Card. 

eTI Applications 
Development Tools 

RHETOREX EUROPE IS OFFERING A NEW 

st arter ve rsi on of its Visual Tele

phony kit for Windows 95 and NT. 

The kit's developmenttools support 

up to 30 ISDN lines and let users 

develop multichannel voice-pro

cessing applications, such as voice 

ma il, automated attendants, inter

active voice response, audiotex, and 

predictive dialers. 

Price: Starts at £599. Rhetorex 
Europe, Ltd., Bracknell, U.K., 
+441344380280; fax: +44 
1344301067. 
Circle 977 on Inquiry Card. 

Add eTI to Windows 
Applications 

DESIGNE D FOR ORGAN IZATIONS TH AT 

wantto add telephony to their ap

plicat ions, Te lephony Toolbox en

ab les developers to write TAPI

or TSAPI-compliant drivers in less 

than an hour. The software pack

age comes as a 16- or 32 -bit DLL, 

VBX,orVCL. 

Price: £350. QBS Software, 
Ltd., London, u.K., +44181 
9568000; fax: +44181956 
8010; skye@qbss.co.uk. 
Circle 978 on Inquiry Card. 

Software 

forms Processing 

Electronic and Printed 
Forms Processing 

OFFICE FORMS' DATABASE LINK WIZ

ard provides a newwayfororgan i

za tions to handle' their electronic 

and printed forms and is compati

ble with Microsoft Office 95. Forms 

can be compil ed into an EXE f il e so 

that persons outside the company 

can supply data (a run-time ver

sion in the EXE file isa ll that's need

ed). Distributed forms can include 

va lidation checks, ca lculations, and 

user-defined help on how to fill out 

the form. 

Price: £40 per seat. Top-
level Computing, Ltd., 
Gloucestershire, U.K., +44 
1453753955; fax: +441453 
753933. 
Circle 980 on Inquiry Card. 

QA Control 

Audit Your Safety 
Strategies 

ASM QUICK SCAN, A PROGRAM FOR 

advanced safety management in 

the chemical and processing in

dustr ies, lets you eva luate your or

ganization's safety strategy via a 

questionna ire. It covers such top

ics as l ine responsibil ity, cl ea r and 

posi ti ve relat ionships w ith con

tractors, and rea listi c safety targets. 

The too l helps improve the qua lity 

standards of organ izations and in

sta ll ations. 

Price: Call company. 
Mathcomp, Voorburg, 
TheNetherlands, +31182 
632811; fax: +31 182 
612654. 
Circle 981 on Inquiry Card. 



A LEADER IN GLOBAL 
COMMUNICATION 
AND COMPUTER 
1150·9001 Certified 
117 years of telecommunication excellence 
IThree professionnal R&D centers worldwide 
I Three factories in prime manufacturing locations 

I Top 4 CPE manufacturer in the world 1E~NAL r,400Etd 
I Leading specialist in wireless and inkjet technology E~'CE I FAX! 
IWorld class data communication and optical V 

storage device manufacturer 

DB TEL 
DIALER AND BUSINESS ELECTRONICS CO., LTD. 

No. 29, Tzu Chiang Street, Tn·Cheng, Taipei, Taiwan,R.O.C. 

Circle 736 on ; 737). 

Tel:886·2·268·2081 Fax:886·2·268·1964 or 268·1965 
E·MAIL(lNTERNET ID): dbtel@smtp.dbtel,com.tw 

···il '96 Comdex I Fall Booth No. S3019 

M 



Circle 725 on Inquiry Card (R ES ELLERS: 726). 

HyperMedia Professional 
intelligent large-scale 

management of any type of information 
o information retrieval 
retrieval by any combination of words 
and, or, not, proximity and adjacency 
dates and numbers with range queries 
support for most wp formats 
support for structured data 
2+Gb text bases currently in operation 

o object·oriented hypermedia 
multilevel multimedia dossiers 
manage any type of digital data 
links automatically established during input 
or manually at any time 
full link control 

o monochrome rasters 
AO formats and over 
TIFF CCITT G4 compression 
software compression and decompression 
certified Kofax support for fast scanners 
duplex scanning in software 
multiple raster layers 
anchors (hot spot links to multiple documents) 
retrieval through queries on anchored 
documents 

o color and grayscale images 
software ISO-JPEG compression 
multi resolution images 
miniature previews 
conversion and print 

o COLD output 
automatic archival for mainframe print spools 
with indexing and document separation 
image synthesis of spool data over a raster 
background 
storage cost as low as $1 per 15,000 pages 

o full protection 
o extensive customizing 
o network, optical disks and 

jukebox support 
o and more ... 

special version for CD·ROM 
dissemination 

available on: 
Microsoft Windows 
Microsoft Windows NT (Intel and Alpha) 
UNIX (DEC Alpha, IBM RiscJ6000, HP PA RISC) 

~YPERSYSTEMS 
Archival and retrieval systems since 1986 

Internet: http://www.hypersystems.com 

GET IT DON E WITH 
OEW FOR JAV/i.M 

http://www.isg.de/OEW/JAVA 
isg Innovative Software GmbH Germany <ll +4969236929 Fax +4969236930 
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Circle 723 on Inqui ry Card 
(R ES ELLERS: 724). 

International 

Data Acquisition 

Process Monitoring 
and Sequence Control 

WINDMILL IS A SUITE OF DATA ACQUISI
tion and control software.ltcan log 
data to disk at up to 200 samples 
per second. The program runs under 
all Windows flavors; handles over 
100 input and output channels; and 
integrates Ethernet, GPIB, Modbus, 
RS-232, and RS-485 devices.Appli

cations include process mimicking, 
logging, charting, alarm monitor
ing, and sequence control. 
Price: Starts at £375. Windmill 
Software, Ltd., Manchester, 
U.K., +44161 8332782; 
fax: +44161 8332190; 
http://www.microlink.co.uk/ 
microlinklwmdemo.html. 
Circle 982 on Inquiry Card. 

Programming Tools 

Database Forms 

VTS DATAFoRMWIZARD, A VISUAL BASIC 
4.0add-in, helps generate database 
formsand automatically creates Vi
sual Basic code for forms process
ing. The product offers representa
tion of n:1 relations, nested queries, 
fast searches, and error handling in 
case of inva lid database fi elds. 
Price: DM 179. ToolShop 
GmbH, Kiel, Germany, +49 
43184625;{ax: +49431 
85608; 100736.1520 
@compuserve.com. 
Circle 983 on Inquiry Card. 

Development Tool 
for POS Terminals 

COMMPOINT HELPS YOU DEVELOP APPLI
ca ti ons for point-of-sa les term i-

Software 

nals. The developmenttoolkitsup
ports H.320video telephony, TCP/IP, 
ISAPI,CGI,ODBC,and Sal The soft
ware package works with touch
screen monitors, joysticks, DTMF 
encoders, and SmartCard readers. 
Price: Call company. TechLog, 
Dusseldorf, Germany, 
+492119988336; fax: +49 
2119988343;TechLog@ 
compuserve. com. 
Circle 984 on Inquiry Card. 

Graphics Tools 

Integrate Vector 
Graphics into HTMl 

WITH METAWEB, YOU CAN INTEGRATE 

scalable CGM vector graphics into 
any HTMLdocument, thereby link

ing certain elements of the graph
ics with other docu ments. The soft
ware package, for Windows 3.x, 
comprises an authoring tool, a help

er application, a Netscape plug-in 
for Windows Web browsers, and a 
CGM viewer. MetaWeb also imports 
and exports WMF files. 
Price: DM 100. Ematek 
Informatik GmbH, K81n, 
Germany, +49221512074; 
fax: +492215296 66; 
gsscgi@ematek.de. 
Circle 985 on Inquiry Card. 

Tools for Visualizing 
Matrices 

AVAILABLE IN 16- AND 32-BITVERSIONS, 
SimplePlot Visua lization for DOS 
and Windows helps you draw sur
faces, contours, li nes, and polygons 
from matrices. The Motif version 
of Simple Plot allows for the inter
active display of 3-D data and has 
an interface to the DOS/Windows 
version. The advanced version, Sim
plePlot Plus, includes C functions 
and FORTRAN routines for standard 

graphing and mapping projections. 
Price: Call company. Bradford 
University Software Services, 
Ltd., Bradford, U.K., +44 
1274841396; fax: +441274 
841388; info@buss.co.uk; 
http://www.buss.co.uklbuss. 
Circle 986 on Inquiry Card. 



Mac Component Application 

An OpenDoc word processor delivers on component software's 
promise of small, tightly coupled parts. By Tom Thompson 

Componentized WAV of the Future 
"--Is Apple's cross-platform 

OpenDoc technology cele
brates its first birthday, prac

.. __ .. tical component software is 
starting to appear. One such compo
nent is Digital Harbor's WAY, which 
implements the bread-and-butter task of 
word processing. I saw a preliminary beta 
version. Currently, only a Power Mac ver
sion is available. As beta software, WAY 
has some rough edges and missing fea
tures, but it proves that OpenDoc's com
ponent-based architecture is sound. 

At 1.5 MB, WAY offers a lean-and
mean set of features. That's fine: I don't 
want unnecessary wizards and other "fea
tures" that contribute to code bloat. For 
text, you get basic formatting, where you 
pick a rypeface, sryle it (bold, italic, un
derline, and a color), and align it with a 
few points and clicks. WAY has a simple 
word-count command, a handy feature 
if you write to length. It does have ad
vanced layout facilities, such as arrang
ing the text into columns (a maximum of 
five) and the abiliry to tinker with the text 
spacing. To readily get at existing text, 
WAY has conversion filters for WordPer
fect 3.x, Word 4.x, and Word s.x files. 

A FolderBay function consolidates 
operations or content into virtual "fold
ers" with clickable tabs at the top of the 
document window. Default folders are 
text functions, CyberDog (Apple's Inter
net tool suite), and a parts folder for addi
tional OpenDoc components (e.g., a 
draw editor part or a bit-map editor part). 
You can add your own "project" folder 
tab to consolidate work documents. 

As an OpenDoc component, WAY 
takes a document-centric approach to 
creating and handling data. You don't 
launch WAY itself. Instead, you open a 
WAY stationary (or template) file to make 
a new document. A Document Info com
mand lets you set each document's file 
rype (e.g., WAY format or ASCII text) and 

***** Outstanding **** Very Good *** Good 

From here, I can get to a conferencs in progress on the BYTE Web site. Using 
the other link belov, I get a quick connection to the latest Mac OS softvare 

updates. 

Apple Software Updates 

WAV's tight Internet integration lets you build 

documents containing live updates. 

memory size, so you can conserve mem
ory by adjusting it to suit the document. 

WAY integrates well with other Open
Doc parts. If you have CyberDog in 
stalled, its functions are immediately 
available from WAY's CyberDog tab. 
More important, you can drag and drop 
Internet uniform resource locators 
(URLs) and graphics from CyberDoginto 
a WAVwindow, and save the information 
into a live document. When you next 
access the file, CyberDog automatically 
connects to the Internet and fetches the 
URL's current information. 

For example, I have a WAY file that 
points to a conference on BITE's Web site 
pertaining to CyberDog discussions. 
When I'm notified of new messages in 
this conference, I just open the WAY doc
ument, and I'm automatically positioned 
at the last-read message. Conventional 
Web browsers do this with bookmarks, 
but WAY does them one better: Itlets you 
capture links, text, and graphics into doc-

** Fair * Poor 

uments, bypassing the usual download, 
file-conversion, and import stages. 

Because OpenDoc components are 
small and tightly focused, development 
costs are lower. Thus, WAY costs only $49. 
While you couldn't publish a book with 

RATINGS 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * 

it, you can crank out sophisticated pub
lications with embedded images, dia
grams, tables, and charts-thanks to the 
OpenDoc components that make WAY 
greater than the sum of its parts. Also, 
WAVrepresents the future of on-line pub
lishing, where you build documents with 
dynamic links to information on the Web. 
WAY has no equal in this area. IlJ 

Tom Thompson is a BYTE senior technical edi

tor at large. You can contact him at tom 

_thompson@bix.com. 
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Color Printer 

Alps' MD-4000 prints high-quality, high-resolution color 
images, indelibly and inexpensively. By Robert L. Hummel 

Waterproof Color That Lasts 
.-IIIIII!" oasting inexpensive, high

quality color printing, Alps 
Electric hopes that its new 

.. __ • $499 MD-20l0 color printer 
and $699 MD-4000 printer/scanner will 
ride the current wave of interest in PC
based photo-realistic imaging. Using 
Alps' thermal-transfer "Micro Dry" inks, 
these units print waterproof, high-res
olution color images (600 by 600 dpi in 
color, 1200 by 600 dpi in monochrome) 
affordably, though slowly, for systems 
running Windows 3.x and 95. 

I tested the MD-4000 in a Windows 
environment. The MD-4000 resembles 
the MD-20l0, but within it is a 24-bit, 
600-dpi, TWAIN-compatible, sheet-feed 
color scanner, which makes it an afford
able one-package solution for image ac
quisition and printing. Alps also offers a 
Mac version. 

With four snap-in ribbon cartridges, 
the MD-4000 supports hands-off CMYK 
printing. The printer determines the po
sition of each cartridge. If a needed col
or isn't loaded, the printer prompts you 
for it. A $6.60 ribbon produces about 35 
to 40 pages at 100 percent coverage. Alps 
also offers 20-page metallic ribbons (gold, 
cyan, magenta, and silver) for $8.99 each. 

Alps claims that the MD-4000 doesn't 
require special paper, and my testing bore 
this out. I printed full-color images on 

TECH FOCUS 
Micro What? 
The Alps "Micro Dry" process applies dry 
resin-based inks to paper with a 240-ele
ment thermal-transfer head. like wax
thermal-transfer printers, the MD-4000 
melts small dots from an ink-coated rib
bon, one pass per color. Unlike wax trans
fer, resin-thermal transfer doesn't require 
special paper. and the output doesn't look 
waxy. 
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The MD-4000 also has a 600-dpi color scanning head on its 

printing carriage. Printing and scanning share the same paper path. 

copy paper, postcards, iron-on T-shirt 
transfers, t ransparencies, and photo
graphs, as well as other coated papers, 
with good to excellent results. The MD-
4000's multipass print engine shows mi
nor banding only on large expanses of 
CMY-composite black. The printer's de
fault color-matching produced accept
able-looking prints, and the Windows 
driver gives you ample opportunity to 
fine-tune the output. 

The MD-4000's pluses are quality and 
affordability; speed is the minus. It took 
8 minutes to print an A4-size color im
age at 600 dpi. Reducing image size or 
density accelerates the printing process 
proportionally. Text prints at a page per 
minute. Mechanically, the printer is less 
than rugged. A bevy of pull-out, flip
down, and sliding trays, drawers, and 
compartments invite accidents. I also 
found the feeder tray somewhat finicky. 

To scan a document, you must place 
it in a plastic envelope-a 4- by 6-inch 

***** Outstanding 

unit for small documents and photos or 
an 8~- by 14-inch unit for larger media. 
The Alps Copy Studio software provides 
bare-bones service. For anything beyond 
color copying, you'll want to scan from 
your own TWAIN-compatible image edi-

RATINGS 

TECHNOLOGY * * * * 
IMPLEMENTATION * * * 
PERFORMANCE * * 

tor. Alps includes Adobe's consumer-ori
ented PhotoDeluxe with the MD-4000. 

The MD-4000 printer isn't likely to 
find a home in a high-production photo 
studio. But for the small office or home, 
the attraction is clear: durable, high-qual
ity color printing and high-resolution 
scanning at an affordable price. Ii) 

Robert L. Hummel is an electrical engineer, 

programmer, and consultant. You can reach 

him at rhummel@monad.net. 

**** Very Good *** Good ** Fair * Poor 
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" 

Vivid colors. Ergonomic design. Performance and features to Indulge the 
visionary in you. 

Princeton Graphic Systems® monitors have always had a solid reputation for pushing 
performance barriers far beyond industry standards. This tradition was proven with the 
highly respected Ultra 15 which won PC World's Best Buy Award a 
remarkable three times in a row. The 135M Hz/82KHz 
Ultra 17+ further redefined the industry with its award
winning, high refresh rate performance and ultra-low 
price. Now, our ExtraOrdinary new models surpass even 
our own stellar benchmarks. 

Case in point, the E075. With its super-high 95KHz 
horizontal frequency, 200M Hz video bandwidth and an ultra-fine 0.26mm dot pitch, 
th is 17" (15.8" viewable) monitor delivers a bold, flicker-free resolution of 1600 x 
1200 @ 75Hz. That's rock-solid performance. Fu rthermore, our engineers added 
Enhanced Imaging Circuitry for a sharper focus without the moire problems so 
common to other 0.26mm monitors. That's a difference you can see! 

Princeton's next generation of EO monitors incorporates PreVuSM controls and 
ColorightSM technology perfect for intense, graphica l applications. In addition, 
Princeton offers an ExtraOrdinary, full three year "Bucket to Bezel" limited warranty*. 

The EO Series is already avai lable at you r nearby dealer. See it today. Their 
performance wi ll win your heart. Their price will ease your soul. 

The SO UL of an 
Acc.ountant " 

. ' . ~ 

$722 ESP ···iJ.COMDEX 

EO SERlE 

Fa II IOL las Vegas Convention Center 
7U Booth No. LS205 

Princelon Graphic Syslems • 2801 S. Vale SI .. Sle. 110 • Sanla Ana, CA 92704 • Tel. 800/747-6249 or 
714/751-8405· Fax 714/751-5736· Fax-On-Demand 714/751-0168 . Web Sile: www.prgr,com 

Princeton Graphic Systems. All rights reserved. All trademarks are the properties of their respective owners. As an Energy 
StarSM Partner, Princeton Graphic Systems has determined that these products meet Energy Sta rS'" Guidelines for energy efficiency. 
Prices and specifications are subject to change without not ice. *PreVuSM and ColorightSM are not ava ilable on the E040. Full three
year limited warranty is offered on the following models: E040, EOSO, EO!7, E070 and E07S. 

Circle 194 on Inquiry Card (RESELLERS: 195). 

PI)INCETON@ 
GRAPHIC SYSTEMS 

800-747-6249 ext. 165 



Groupware 

With its latest GroupWise release, Novell goes head-to-head 
with groupware giants Lotus and Microsoft. By Steve Gillmor 

GroupWise Sends a Message 
.--.. hoosing the right groupware 

product is harder now with 
the release of Novell's Group

• __ "Wise 5 (hereinafter GW5), 
which adds significant document man
agement tools to an already feature-laden 
messaging product. The new version also 
has state-of-the-art NetWare Directory 
Service (NDS), TCP/IP client/server tech
nology, OLE automation, shared folders, 
and an enhanced interface. 

We installed the GW5 beta on a Net
Ware 4.1 server, using NetWare Admin
istrator 4.1.1. An included two-user ver
sion of NetWare 4.x gives access to NDS 
tools. Initially, GW5 runs only on Win
dows NT Server. Setup went smoothly. 
The Group Wise Setup Adviser walks you 
through extending the NDS tree; defin
ing domain, post office, and agent names, 
locations, and contexts; and adding 
current users or new ones. 

The GW5 client adopts a three-pane 
interface, like cc:Mail, Lotus Notes, 
and Microsoft Exchange. The left win
dow displays the folder list. You can orga
nize multiple item types by subject or by 
project in folders within cabinets, and 
sharing folders is easy. 

GW51eads the packin document man
agement. Novell has integrated much of 
its Soft Solutions product, including doc-

Still to Come 
The initial release of GroupWise 5 does 
not include everything we'd hoped for. 
Here are a few important omissions: 

• Novell 's GroupWise WebAccess sup
ports busy searches and virtually all of 
GroupWise's client functions via the 
Internet, but this isn't bundled into GW5. 

• You can't create custom icons for spe
cific URLs in the mailbox. 

• Unix and OS/2 versions are in the works. 

• Promised work-flow tools won't ship until 
a later, interim release. 

***** Outstanding **** Very Good *** Good 

Reviews 
Work In Progress 
Cabinet 

JnJ 

From: 
To: 
st<rl: 
Due: 
Priaity: 
&Jbjeot: !Val 

Novell's GroupWise lets you use drop-down menus to select 

event types, condition filters, and actions. 

ument check-in, check-out, versioning, 
sharing control, version-level security, 
and an activity log. Documents are stored 
in libraries, and mailboxes display only 
references to documents. 

GW5 adds client/server connectivity 
while maintaining its drive-mapped 
access to the post office to ease migration 
and use existing hardware. Group Wise's 
proxy capability lets users access other 
mailboxes in different post offices. 

With GW5 you can convert items from 
one type to another-for example, mail 
messages to calendar appointments. You 
can track message status by right-click
ing a mailbox item and viewing its prop
erties. You can also see incoming and out
bound messages in a threaded view. You 
can create a rule to move items into 
folders, and you can define trigger events 
that let rules execute on a server-when 
you're away, for instance. 

** Fair * Poor 

Group Wise offers a complete toolkit 
for messaging, calendaring, scheduling, 
and managing documents. It also gives 
you tools for single-point NDS-based 

RATINGS 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * * 

administration. The package represents 
a tremendous value for existing NetWare 
shops. Its ease of use and configurability 
compete favorably with Exchange, but 
its Web integration lags behind Notes' 
Domino technology. And with Windows 
NT gaining fast on NetWare, the network 
administrator must think twice before 
making the leap to Group Wise. III 

Steve Gillmor, of Southern Digital, has exten

sive experience with groupware applications. 

You can reach him at sgillmor@aol.com. 
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Web/CD-ROM Development 

MarketScape's WebCD packages Web content for off-line use 
and automates CD-ROM mastering. By Jon Udell 

Hybrid Web/CD-ROM: Do It Yourself 
.~~I hy bother with CD-ROMs in 

the Web era? There are lots of 
reasons. Try hosting an 8-

........ minute video on your Web 
site. Try asking your sales force to demon
strate your site to non-Web-connected 
clients. Try using your site's content on 
an airplane. You can solve all these prob
lems with MarketScape's WebCD. 

CD-ROMs that venture on-line to aug
ment static content with live updates have 
been around for a decade. MarketScape 
calls it the "big CD, small Web" model. 
WebCD heralds a new era-big Web, 
small CD. It acknowledges the primacy 
of the Web. It delivers a native Web
browsing experience and adds value to 
that experience by facilitating the effec
tive use of high-bandwidth content, off
line access to all packaged content, seam
less Web integration when on-line, and 
content aggregation across multiple sites. 

To build a site image, you run WebCD 
Packager, a Windows 95 application that 
integrates a Web crawler, a browser, and 
a CD-RaM-mastering utility. Point it at 
your Web server-or even several of your 
servers, or any servers anywhere (be care
ful!)-and scoop up the content you 
need. As you construct a package, you 
can browse it live- no waiting until the 
build finishes before you can view it. 

To distribute the image, you deliver 
it-on a CD Recordable (CD-R) disc, 
tape, or conceivably by way of FTP-to 
a mastering shop. The image contains all 
your Hypertext Markup Language 
(HTML), G1F, Audio Video Interleave 
(AV1), and other files, mapped to the 
eight-dot-three filename convention 
required by 150-9660 and optimized for 
the peculiar access behavior of CD
ROM drives. 

The image also contains a setup pro
gram that installs WebCD Viewer. It's a 
wrapper that will find and integrate with 
Netscape Navigator or Microsoft Inter-
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WebCD lets you seamlessly integrate live Web pages with static 

pages and high-bandwidth data types such as video. 

net Explorer, adding to either browser a 
floating window that controls special 
WebCD search and bookmark functions. 
Mac and Unix users miss out on WebCD 
Viewer. However, they can point their 
browsers directly at the data. 

r tested WebCD Packager on The BYTE 

Site. The image r built (see the photo) 
combines articles from our document 
server with messages from our confer
ence server. When you aggregate content 
across multiple Web servers (or sites), 
where's the home page? You can choose 
an existing one or make a new one, but 
either way, you'll want WebCD Viewer's 
bookmarks to call out landmark pages. 

I discovered a few glitches. Although 
it supports proxy servers, WebCD could 
not tunnel through our multiple-proxy 
setup. Because it interleaves uniform
resource-locator (URL) discovery and 
retrieval, I found it tricky to map out 

***** Outstandin,9 

our whole site before choosing what to 
package. Also, when I ran my first build, 
some links resolved on-line rather than 
locally. I'd have liked a verification tool 

RATINGS 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * * 

to ensure that all referenced pages were 
included in the package. You wouldn't 
want to find on-line dependencies after 
you mastered your CD-ROM. 

Its minor immaturities aside, WebCD 
is an outstanding tool that I recommend 
highly. There's no easier or better way for 
marketers to transform a company's Web 
site into a distributable, stand-alone, 
high-impact presentation. IlJ 

Jon Udell (judell@bix.com) is BYTE's execu

tive editor for new media. 

**** Very Good *** Good ** Fair * "Poor 



For the nearest dealer, call: 
888-2-IOMEGA, ext. j22 

Or see us at: www.iomega.com 

The Jaz N drive is you, 

man. It's fast, it holds 

tons of stuff, and it's 

personal. You won't find 

an easier or cooler way 

to upgrade your hard 

drive. Just connect it 

to your PC or Mac and 

you're jammin': files, 

pictures, graphics, video, 

CAD stuff, whatever. And 

with its dark green color, 

hey, the cat's got style . 

• 
• lomega. 



Your business 
decisions 
• • lusl gol easier. 
Now there's a PC that's flexible and sensibly priced for your office or 

department-the ClientProrn system from Micron Electronics. Designed 

for long life and reliable, affordable performance, this new PC offers years 

of productive and adaptable computing without costly system upgrades. 

Now we are matching the power and reliability of the ClientPro PC with 

powerful system software by introducing the new 32-bit operating system 

everyone is talking about- Microsoft@Windows NT@Workstation. With 

the ClientPro PC, you get a system cusrom-configured to fit your office 

needs, network-ready with Windows NT Workstation and backed by our 

industry-leading Micron Power~ warranty. 

• S-yl'ar limited warranty on microprocessor and main memory 
• 3-year limited parts-only system warranty 
• 1-,2- or 3-year optional on-site service agreement for Micron desktop systems 
. 30 days of free Micron-supplied software suppon for Micron desktop systems 
• 30-day money-back policy 
I 24-hour technical support 

ThelorotgOingissltljec:tloat'ldquali1iedbyMicron'ISlandardlimiledWllrranliesMdtermsand(:(lO(fllionsoisale 
T&rmsMdCOO<:iliorosol sale my vary fOf specllc or:wViguraliQns. CopIes 01 Ihe limiIed warranties may be oblafned 
ooourWebslta orbycaliingMicroo. 



ClientPro™ P120 
• In te l 1 20MHz Pentium® processo r 
• 256KB pipe lin e bu rst cac he, flas h BIOS 
• 3Com® 3C509 Combo ne twork adop ter 
• 3.5" flop py dri ve 
• PCI 64-bit grap hics accelera tor, 2MB EDO RAM 
• Too/-free min itower or desktop 
• Mic ro soft® Mo use, 1 D4-key key board 
• MS-DOS® 6.22/Wi nd ows® for Workgroups 3.11 
• Mic ro soft Works preinstolled 

(I . 5-year/3-year Micron Powers. wa rran ty 

51,499 • 16MB EDO RAM • 1.2GB EI DE hard dr ive 
• 14" Mic ron 14FGx, .28dp (12.9" display) 

Bus. lease 'S1lmo . 

• 16MB EDO RAM • 2. 1 GB EIDE hard drive 
• 15" Mi cron 15FGx, .28d p (13.7" disp lay) 51,699 

Bus. lease '58 Imo . 

• With Inte l 1 33MHz Pentium processo r. ... ....... .. .... .. ... .. add $50 

I-I •
...... TolUree from Canada 
".. 800· 708·1758 

Tollfree from Mexico 
95·800· 708·1755 

E ToUfree from Puerto Rico 
800·708·1756 

International Sales 
208·893·8970 

International Fax 
208·893· 7393 

900 E. Korcher Rood, Nompo, ID 83687 • Mon·Fri 60m·1Opm Sot70m·5pm IMTI Internotionol Soles Hours: Mon·Fri 60m·7pm IMTI 
208·893·3434 • Fox 208·893·3424 • Purchose Order Fox 208·893·8992 • Technicol Support Avoiloble 24 Hours / 7 Doys 

Technicol Support E·moil: techsupport .meic@micron.com 
©1996 Micron Electronics, Inc. All rights reserved. Micron Electronics is not responsible for omissions and/or errors in 
typography or photography. All purchases are subject to availability. Prices and specifications may be changed without 
notice; prices do not include shipping and handling. 30-day money-bacK policy does not include return freight and origi
nal shippinglhandling charges, applies only to Micron brand products and begins from date of shipment. All sales are sub· 
ject to Micron Electronics' current terms and conditions of sale. Lease prices based on 36·month lease. Intel, Intel Inside 
and Pentium are registered trademarks of the Intel Corporation. Microsoft, Windows, the Windows logo and Windows NT 
are registered trademarks of Microsoft Corporation. All other service marks, trademarks and registered trademarks are 
property of their respective companies. BYTE-CLPR·9611 
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ClientPrcf 2 P 180 
• In te l 18DMHz Pentium® Pro processor 
• 256KB inte rn al bu rst cache, flash BIOS 
• 3Com 3CS0 9 Combo networ k ad apter 
• PC I 64-bit graphics accele rator, 2MB EDO RAM 
• 3.5" flop py drive 
• 16MB EDO RAM 
• 1.2GB EID E ha rd dri ve 
• 14" Micron 14FGx, .28dp (12.9" display) 
• Microsoft Wo rks prei nsta ll ed 
• Too/-free mini tower or desktop 
• Mic rosoft Mouse, 104-key keyboard 
• Microsoft Windows NT® Worksta tion 

(I . S-yea r/3-ye ar Micro n Powe r wa rranty 

PENTIUM.PRO 
PROCESSOR 

51,999 
Bus. lease '68 Imo. 



A developer's dream come true ... 

#1 Protection Supplier 
You'll have peace of mind 
with your software backed 

by world leader Rainbow 

Leading Technology 
Sentinel® is the only 
protection combining 
multiple algorithms 
and ASIC technology 

ISO 9002 

@ 
Certified 

The Highest Quality 
Only Sentinel keys meet 
ISO quality standards and 
offer the best reliability 

Truly Compatible Security ~ 
The industry's largest engineering 
staff is dedicated to making your 
software safe on any platform 

Increase Your Revenue ----... ~ <1 
Sentinel stops piracy, ensuring 
you that every user of your 
software is a paying customer 

The SentinelWizard™ GUI 

is an innovative tool that 

makes protecting your 

software easier than ever 

ii' 

COMDEX/Fall '96 
Visit Us At the Sands 

Booth #54381 

The world's #1 software protection 
is now the easiest to ilDpielDent! 

You've always dreamed of 
superior software protection 
that was simple to integrate 
into your entire product line. 
The new SentinelWizard makes 
your dream a reality. 

Just tell the SentinelWizard how 
you want to sell your products. It 
then automatically configures 
your Sentinel keys and generates 
the pseudo code necessary to 
complete the protection process. 

Call the Rainbow office 
or distributor nearest 
you to order your 
Sentinel Developer's 
Kit, featuring the 
SentinelWizard. 

Ask us about SentinelLNfM - the new 
software-based network license manager 

Visit our web site 
www.rnbo.com 

$=nilna 
So'ftvvare Protection 

~RAlNBOW HEADQUARTERS: 50 Technology Drive, Irvine, CA 92618 • Tel: (714) 450-7300 • Fax: (714) 450-7450 
('- ASIA/LATIN AMERICA: (714) 450-7300. FRANCE: (33) 1 41 432900. GERMANY: (49) 89 32 17 98 o. U.K.: (44) 1932579200 

TEe H N 0 LOG I E S ©1996 Rainbow Technologies, Inc. Sentinel, SentinelLM and SentinelWizard are trademarks of Rainbow Technologies. All other names are property of their respective owners. 

ALGERIA: AFAK (2 13) 418561 
ARGENTINA: Agri-Aid, SA (54) 1 8030536 
AUSTRALIA: LOADPLAN (61) 3 9690 0455 
BELGIUM/LUXEMBURG: E2S (32) 92 21 11 17 
BRAZIL: MIPS Sistemas Ltda. (55) 11 5748686 
BULGARIA: KSIMETRO (35) 9279 1478 
CHINA (East): Shanghai Pudong Software 
Park Electronics Company (86) 21 6403 1966 
CHINA (North): CSSS (86) 10 6217 7722 X2404 
COLOMBIA: Construdata (57) 1 622 6011 

CZECH REPUBLIC: ASKON Inri (42) 2 3103 652 
EGYPT: ZEOAN-ADS (202) 248 8994 
GREECE: Byte Computer S.A. (30l) 924 17 28 
GUATEMALA: Soft Corporation (502) 2 304006 
HONG KONG: AlfaLink Tech. Co. (852) 2333 0626 
HUNGARY: Polyv..'are Kft (36) 76 481 236 
INDIA: ANC Engineering Co. (91) 11 4615680 
INDONESIA PT. Prompuaae InioScan (62) 21 375 166 
IRAN: GAM Electronics (98) 21 87 44 001 
ITALY: BFI IBEXSA SPA (39) 23 31 00535 

ITALY: Siosistemi (39) 30 24 411 
JAPAN: Giken Shoji Co., Ltd. (81) 52 972 6544 
JORDAN: COG Eng ineering (96) 26 863 861 
KOREA: Genesis Technolog ies (82) 2 578 3528 
LEBANON: National Group Cons. (961) 1 494317 
MALAYSIA: Eastern Systems Design 
(M) 5dn Bhd (60) 3 241 1188 

MEXICO: Impex Camp., S.A. de C. v. (52) 66 210 291 
MOROCCO: Futur & Soft (2 12) 2 40 03 97 
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NETHERLANDS: IntroCom (31) 74 2430 105 
NEW ZEALAND: Software Images (64) 09 378 9790 
PERU : OpenSoft (51) 1 224 2 125 
PHILIPPINES Mannasoft Technology 
Corpora tion (63) 2 813 4 1 62 
POLAND: HITEX Sp. z 0.0. (48) 22 41 9751 
PORTUGAL: COMELTA (351) 1 941 65 07 
RUSSIA: Multisott Int'I (7 095) 186 35 84 
SAUDI A RABIA: ZEDAN (966) 2 665 1904 
SCANDINAVIA: Perico AJS (47) 2249 1500 

SINGAPORE: Systems Design PTE LTD (65) 747 2266 
SOUTH AFRICA: SOFTSECURE (27) 11 477 6053 
SPAIN: MECCO (34) 3 422 7700 
SWITZERLAND: IBV AG (41) 1 74592 92 
SWITZERLAND: Safe Compald SA (41) 2 421 5386 
TAIWAN: Evershine Tech . (886) 2 8208925 
THAILAND: BCS Int' l (66) 2 319 4451 
TUNISIA: Soft Informatique Tech (216) 17 19 486 
TURKEY: BIMEK5, Ltd. (90) 216 348 3508 
VENEZUELA: HRT-M Osers (5B) 2 261 4282 



Operating Systems 

Better reasons than tradition explain why Digital's VMS 
operating system continues to survive. By Ben Smith 

VMS: Alive and Well 
• ••• ith a face betraying my shame, 

I mumble, "Hi. My name is 
Ben, and I am a VMS user." 
The crowd responds: "Hi, 

Ben. We're VMS users, too!" But using a 
20-year-old OS called VMs-which unof
ficially stands for Virtual Memory oper
ating System-doesn't mean you have a 
disease, or even a temporary condition. 

Besides its longevity and proliferation, 
due in great part to its robustness and 
sophisticated management design, VMS 
is adept at handling mission-critical jobs, 
and its clustering capabilities make it 
well-suited for multiprocessing. The OS 
isn't without flaws, which become more 
apparent because of its age . But Unix, 
which is even older, is growing in popu
larity, whereas VMS is just holding its 
own. Is VMS at the end of its life cycle? 

Who Uses VMS, Anyway? 
The VAX computer and VMS have been 
inseparable since birth. In fact, the VAX 
is one of the earliest designs in which 
the software engineers played a major 
role in the hardware design: They deter
mined what structures and services 
should be implemented in microcode. 
Now, with the VAX being supplanted by 
Alpha VMS servers, VMS survives beyond 
its original architecture despite the 
close hardware ties. 

VAXes have been applied to every kind 
of computing, so VMS has been used by 
every kind of user, from scientists run
ning supercomputing applications to 
office workers doing word processing. 
But the days of broad-spectrum com
puting are past. Personal computers and 
much simpler LANs have replaced VAX
es and terminal servers for low-end office 
computing. What work can't be handled 
by desktop computers can be done inex
pensively on Unix machines and, despite 
their immaturity, Windows NT servers. 
Still, VMS can be found handling the crit-

ical, the fault-tolerant, and the secure 
computing jobs such as bank and stock 
market transaction processing, record 
keeping, and billing systems. A hiccup 
in any of these applications could cost 

A VMS Time Line 
DEC's Gordon Bell 

First VAX shipped, with 
a preliminary version of VMS. 

Aqgl.lst 197a; VMS 1.0 ships. 

April 1980: VMS 2.0, VAX1750 
(first new processor) added to DEC 
product line. 

~prW 19$2: VMS 3.0, VAXl730 
rolled out. Ethernet connectivity 
added. 

$eplemper t984: VMS 4.0 and 
VAXcluster introduced. Many new 
VAX models introduced. 

$epternbet 191:3;1:3;; VMS 5.0, the 
VAX 6000, and symmetric multi
processor VAXes introduced. 

November 1992: VMS 1.0 for the 
Alpha processor released. 

)1..111' 199$: VMS 6.0 released. The 
major features are support for very 
large VAXes and a C2/Bl govern
ment security rating. 

Januaryt99ei: VMS 7.0 released. 
Kernel-level support for DECthreads 
and 64-bit memory management 
supported on Alpha. 

millions of dollars in a flash, or even put 
lives in jeopardy. 

Another important VMS feature is clus
ters. The basic concept is: If performance 
isn't adequate, add another server; they 
all appear as one. 

The engineering and research com
munities have a huge investment in VMS 
applications. These are the millions of 

lines of FORTRAN code that also fall 
into the category oflegacy systems. These 
hoary applications work perfectly well 
in the VMS environment, and they con
tinue to gain in performance whenever 
Digital ships a newer, faster, VMS server. 

Another reason for the OS's continu
ing popularity is a feature that all VMS 
applications exploit: VMS programs can 
share the same data types, system 
resources, and process control. Devel
opers can thus seamlessly build a mono
lithic application in which each individ
ual part is crafted in the language 
best-suited for its function. For example, 
an application's general business logic 
might be coded in COBOL, its bit-manip
ulation aspects written in C, and its 
sophisticated numeric operations and 
utilities composed in FORTRAN. 

VMSvs. Unix 
VMS, along with its hardware counter
part, the VAX, was over a year in design, 
not counting the six months of discus
sions that took place before Gordon Bell 
(then head of R&D at Digital) wrote a 
memo, in April of '75, committing to its 
development. From the very beginning, 
VMS was built for demanding commer
cial applications. The VMS/VAX design 
team tried to anticipate all the levels and 
details that any commercial operation 
might need, and to implement them at as 
Iowa level as practical. High on the list 
of VMS features has been its consistency, 
its rich set of management features, and 
its security (C2/Bl rating from the U.S . 
government) _ Most important, VMS was 
the VAX's native operating system. Even 
today Unix, which is VMS's closest com
petitor, is considerably weaker in all these 
areas. Conversely, VMS's file system still 
lacks the ability to handle more than eight 
levels of subdirectories. 

Unix is the quintessential example of 
ad hoc OS development. Unix grew out 
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Core Operating Systems 

In Case of Emergency , Use Duplicate Clusters 

Digital implements multiprocessor com
puting over the entire spectrum of con

figurations: from tightly coupled computers 
that share memory and whose processes 
must be t ightly synchronized, to the very 
loose asynchronous model of networked 
heterogeneous computers that share tasks 
through remote procedure calls (RPCs). The 
VMScluster lies between these two 
extremes. 

VMSciuster implementations share 
resources between processors in such a way 
that the processors and the resources 
appear as a single system to the user. The 
connections between a cluster's elements 
can be through just about any method; the 
loosest is a simple Ethernet connection. 
These connections are made through redun
dant one-way cables with duplicate "send" 
and "receive" ports. 

For disaster tolerance, portions of the 
cluster "mirror" the activity of the other por
tion, as shown in the figure at right. That is, 
the system takes all the processing and stor
age that lives on one part of the cluster and 
duplicates it in another part of the cluster. 
One side is designated as the primary seg
ment of the cluster until it fails, at which time 
the other section becomes the primary. 

By placing parts of a cluster several 
miles from the other and having the pro
cessing and storage mirrored between the 
sites, disasters such as a powerfailure orfire 
at one site don't affect the others. When the 
systems are connected by high-bandwidth 

of a solution to running a compute-inten
sive simulation program on a computer 
that had been all but abandoned (ironi
cally, a DEC PDP-7). Unix has grown as 
need be. Great leaps in design have been 
the result of some special application, 
research project, or academic program. 
Unix didn't actually become a commer
cial product (from Interactive Systems 
Corporation) until 1977, the same year 
that VAXNMS was announced at a DEC 
stockholders' meeting. 

While the VMS as was integral to the 
VAX and hadn't (until the DEC Alpha) run 
on anything but VAX computers, Unix 
has been uniquely portable. Because of 
its humble roots and minimalist hard
ware requirements, Unix was quickly 
ported to all platforms, including the 
VAX. Despite the system's haphazard 
beginnings, many Unix features have 
become models for implementing simi-
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fiber-optic lines, processing continues unin
terrupted. This kind of fault-tolerant com
puting is what stock exchanges, electronic 

A Fault-Tolerant Cluster 

Operator 
management 

station 

funds transfer centers, and military systems 
require. Additionally, VMS is laudably secure 
in contrast to the majority of Unix systems. 

Operator 
management 

station 

Smart disk controllers make devices they manage available to 

all processors on the net, thus resembling a unified system. 

lar services on other OSes, including 
Unix's simple file I/O, which was extend
ed to devices and interprocess commu
nications (through sockets); a config
urable hierarchical file system; and more 
than one way for a user to interface with 
the as (different command interpreters, 
or "shells"). 

Reports of My Death Are 
Greatly Exaggerated 
An as has reached its terminus when it's 
no longer breathing with new develop
ment. VMS is still alive. And it's drawing 
new energy from another as: NT. The 
connection here is DEC's NT Affinity 
product and the concept of using VMS 
servers to do the high-end computing for 
NT servers and workstations. To support 
this capability, VMS has incorporated 
many of NT's data structures and design 
elements. There is a life-supporting trans-

fusion going on between VMS and NT. 
The VMS development group is very 

much alive and well. Some of the origi
nal developers are still there, turning out 
new releases. The truth is, VMS does just 
fine for its long-term customers who are 
running COBOL and FORTRAN applica
tions, as well as for customers writing 
applications in C/C+ +, using RDB or 
Oracle databases and doing distributed 
transaction processing. Both of these 
types of users are going to be around for 
a long, long time. 

VMS still serves as a reliable tool for 
getting the job done, particularly in mis
sion-critical situations. There is no shame 
in being a VMS user. Ii) 

Ben Smith is an independent contract pro

grammer specializing in Unix and Perl. He used 

to be a BYTE technical editor. You can reach 

him at ben@ronin.com. 
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Networks 

Sun's revised NFS could overcome HTTP's limitations 
in handling large amounts of Web data. By Bob Friesenhahn 

A Fi Ie System for the Web 
he popularity of the Web has 
skyrocketed in the past few 
years. Few technical chal
lenges have impeded its ex

pansion. However, it is beginning to 
show severe growing pains. Popular Web 
sites now use networks of multiple high
performance computers to sustain the 
heavy load when serving data via HTTP. 

The intranet is now beginning to rival 
the Internet's growth. Corporate users 
expect to manipulate Web data in the 
same way that they deal with data in their 
other productivity applications. Unfor
tunately, poor data-manipulation capa
bilities are the Achilles' heel of existing 
Web technologies. 

The Web is based on Hypertext Mark
up Language (HTML) and the simple 
HTTP. While it's simple to implement 
and understand, HTTP is an expensive 
protocol in terms of connection overhead 
and data transfer. Each object you trans
fer via HTTP requires a new TCP con
nection. (See "The Backbone of the 
Web," October BYTE; for details.) Fur
thermore, you must transfer the entire 
object at one time. Each HTML page can 
contain references to other objects (e.g., 
graphics images) that you must down
load to build the entire page. This 
requires additional TCP connections. 

Web browsers such as Netscape's Nav
igator have adopted a threaded model 
that allows multiple HTTP accesses to be 
concurrent per HTML page. While thread
ing helps avoid TCP-connection laten
cies (causing pages to load faster), it in
creases the load seen by the server. 

What we need are more efficient Web 
data-access technologies that let users 
selectively access, manipulate, and 
update data as they have become accus
tomed to. Sun Microsystems believes it 
has a technology in its inventory that can 
provide the solution with a little brush
ing up. The basic technology is NFS, and 

the Web-enhanced version is called 
WebNFS. 

NFS in a Nutshell 
NFS implements a virtual network file 
system that maps remote disks so that 
they appear local to a client computer on 
the network. NFS is a mature product that 
Sun introduced commercially in 1986. It 

An NFS Session 

t----IIFSport? 

. ...... ---Por!= 2049 ' 

... __ LOOKUP file handle for "100" 

. ..... -.. Return file IiandIe for "100" 

' ''''''II!iI!II!!_ Return data for "iRdex.htmI" 

RFC 1014. Client and server versions of 
NFS are available for all major OSes. 
Development of NFS is relatively easy, 
because the source codes to XDR, RPC, 
and NFS are available in the public 
domain. Alternately, you can license NFS 
technology from Sun as part of its ONC+ 
platform, which most Unix system ven
dors license. 

NFS session for Ipublfoofnlex.htmI 

NFS requires many data transfers to establish 

access to a specific remote file. 

rose to industry-standard status in 1989 
with the publication of RFC 1094, cov
ering NFS 2. In 1995, there was the pub
licationofRFC 1813, whichcoversNFS3. 

NFS is based on Sun remote procedure 
call (RPC), RFC 1057, which is in turn 
based on data formats established by 
External Data Representation (XDR), 

Sun considers any Web use of NFS
whether it's NFS 2, NFS 3, or NFS with 
WebNFS enhancements- to be a form of 
WebNFS. This can be extremely discon
certing to users, given that no specific 
form of-the protocol can be labeled as 
WebNFS. In this article, I refer only to 
Web-enhanced versions (described 
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below) of NFS as WebNFS, rather than 
using Sun's broader scope. 

The Evolution of NFS 
IfNFS is so great, how come we have not 
seen it used on the Internet? NFS is an effi
cient protocol that's optimized for LANs. 
As such, it originally relied on UDP, which 
provides no flow-control mechanisms or 
error recovery, other than for time
outs. Because of this, NFS has proven to 
be largely unusable over the Internet. 

With the advent ofNFS 3, TCP became 
the preferred transport protocol. TCP 
offers flow control, reliable transfer, and 
ordering characteristics that UDP lacks. 
With Sun's recent announcement of 
WebNFS, many ofNFS's drawbacks over 
high-latency networks have now been 
eliminated. 

Unaltered NFS is a terrible protocol for 
use over high-latency networks, as shown 
in the figure "An NFS Session." NFS's 
design was intended to be pure in that few 
assumptions were made regarding the 
OS's characteristics, such as path-name 
separators or even port addresses. Simi
lar to other protocols based on Sun RPC, 
a port-mapper process maps the RPC pro
tocol types to specific port addresses. 

NFS depends on two RPC protocols: 
MOUNT and NFS. MOUNT gets a han
dle to the top, or start, of a directory tree. 
Once MOUNT accomplishes this, the 
client has "mounted" the server and uses 
this handle through the remainder of the 
session. Unfortunately, all this port map
ping takes quite a bit of time over slow 
networks. 

A more significant problem than port 
mapping is how NFS works with files. 
Rather than access files via their full 
paths, NFS iterates through the directory 
elements, retrieving file handles for each 
element. NFS then uses the final file 
handle to read the file. 

To improve its performance over high
latency networks, NFS needs to eliminate 
port mapping, mounting, and path-name 
recursion overheads. To accomplish this, 
WebNFS makes three assumptions: The 
NFS default port is 2049, a directory can 
be exported as "public" with a known 
handle (zero or null length), and path
name delimiters are similar to an HTTP 
uniform resource locator (URL). That is, 
they use a forward slash to separate path 
elements, which lets full file paths be 
specified. 

WebNFS thus introduces a new type of 
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URL, the nfs URL. Nfs URLs are specified 
via the format nfs:llserver:port/path, 
which is immediately familiar to Web 
users because the format is similar to that 
used by HTTP. As just mentioned, Web
NFS uses the default NFS port of 2049, 
unless the URL specifies one. 

The steps the modified protocol takes 
are illustrated in the figure "A WebNFS 
Session." These steps reduce the number 
of RPC packet transmissions to retrieve a 
relatively short path name from 12 to 
four. Furthermore, with traditional NFS, 
retrieving extra path elements increases 

A WebNFS Session 

vide in the future) cannot be supported 
directly by WebNFS. 

For example, WebNFS does not sup
port the Multipurpose Internet Mail 
Extensions (MIME) Content-Type infor
mation, a feature that HTTP supports. 
Thus, data that's obtained via WebNFS 
must be identified locally by some means 
(usually a file extension) rather than 
being identified by the server (which 
could have more accurate information). 

WebNFS has another significant limi
tation: It is impossible to support server 
applications without radical modifica-

PORT MAPPER MOO 
(portlli) 

LOOKUP file handle for "foofHHlex.bbnl" t public (null) mount file F e 

...... Relurn file handle for "foofmdex.1JtJnr1 I 
1---- READ using file handle 

.~ __ ... Relurn data for "index.htmr' ; ; 

WebNFS sessien for nfs:/ Isenemame/foofHHlex.hbnl 

Smart defaults and an improved file mechanism reduce access 

to remote files to a fixed number oftransfers. 

the number of packets sent by two per 
element. With WebNFS, the required 
number of packets remains constant. 

Presuming packetlatencies of 250 mil
liseconds, the overhead to retrieve the 
first file on a server is reduced from a min
imum of 3 seconds to 1 second (not 
including TCP-connect time). NFS RPC 
requests are inherently threaded in that 
you can send them in any meaningful 
order and back-to-back. This tremen
dously enhances throughput and de
creases the effects of network latency, 
because responses stream back to the 
client as requests are serviced. 

WebNFS Limits 
While use of WebNFS provides signifi
cant performance and usability bene
fits, it has inherent limitations. They are 
related to the fact that NFS implements 
a file system. A network file system imple
ments the semantics of a file system on a 
local disk drive. As a result, many features 
that HTTP provides today (or may pro-

tions to the NFS server. You might over
come this limitation by simply using 
HTTP where NFS is not appropriate. 

Will you ever see WebNFS in a Web 
browser near you? There are still many 
unanswered questions regarding how 
WebNFS would be made available in a 
browser, and even whether any major 
browsers will support it. WebNFS has the 
technical prowess to become a major 
Web technology. At the same time, we 
have seen how difficult it is to predict 
which technology will succeed. We can 
only wait and see how the story unfolds. 

If you would like to learn more about 
WebNFS, Sun has made the technical 
details available (including an excellent 
white paper by Brent Callaghan of Sun
Soft) at http://www.sun.com/sunsoft 
Isolaris/networking/webnfsl. [lJ 

Bob Friesenhahn is a consulting writer for 

BYTE who specializes in Unix and TCPI IP net

working-related topics. You can reach him at 

bfriesen@simple.dallas.tx.us. 
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CPUs 

Motorola's embedded PowerPC processor offers a rich set 
of communications features. By Tom Thompson 

The Consumer PowerPC Revisited 
otorola intends to expand its 
reach into the world of per
sonal communications with a . 1111. slimmed-down variant of the 

PowerPC called the MPC801. The chip 
began sampling recently and will be avail
able in quantity late this year. The 
MPC801's feature set makes it attractive 
not only for use in communications prod
ucts such as pagers and cellular phones 
but also for general-purpose embedded 
applications and consumer electronics. 

The MPC801 is a three-metal-layer, 
0.35-micron CMOS part with 800,000 
transistors. The fully static 3.3-V chip con
sists of an embedded PowerPC core plus 
caches, timers, memory controller, and 
peripheral support logic. It has four low
power modes that make it suitable for 
hand-held products, for which long bat
tery life is paramount. If these specifica
tions sound familiar, it's because they're 
similar to IBM's embedded PowerPC pro
cessor, the 401GF (see "The PowerPC 
Goes Consumer," August BYTE). Upon 
closer examination, there are signifi
cant differences between the two chips. 

IBM's 401GF serves primarily as an 
embedded controller. The MPC801 also 
acts as controller but, true to Motoro
la's heritage as a communications com
pany, it sports a rich set of communica
tions features . This includes two serial 
UARTs and a serial peripheral interface 
(SPI). (IBM can provide a custom 401GF 
part that includes a serial I/O interface.) 

The heart of the MPC801 is its Power
PC core. It is a 32-bit implementation of 
the PowerPC architecture. It has thirty
two 32-bitgeneral-purpose registers. Two 
function blocks, an integer unit and a 
load/store unit, execute all integer and 
load/store operations in the hardware. 

To reduce the transistor count- which 
both reduces the processor's size and 
power consumption- the designers 
removed a number of features present in 

the 60x architecture. The floating-point 
unit is gone, since embedded applications 
execute mostly integer instructions. 
Additionally, the core's architecture 
was simplified so that the core executes 

The MPC801 Architecture 
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The core has two on-chip caches, a 1-
KB data cache and a 2-KB instruction 
cache. The caches are two-way set asso
ciative, which helps compensate for any 
performance hit due to their small size. 
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Motorola's MPC801 processor has a built-in memory 

controller and a number of serial functions. 

only one instruction per cycle. This com
promise eliminates the support logic 
required to implement multiple execu
tion units. While this approach does 
exact a performance penalty, the design 
win is reduced power consumption. To 
boost performance, the core provides 
several instruction queues. It also has 
branch prediction logic that performs 
branch folding and branch prediction 
with conditional prefetch. However, in 
keeping with the goal of a simple, low
power design, the branch logic doesn't 
do any conditional execution on any 
prefetched instructions. 

Portions of each cache can be locked to 
hold critical sections of code or fre
quently used data sets. Each cache has its 
own memory management unit (MMU). 
The MMUs support a variety of memory 
page sizes ranging from 4 KB to 8 MB. 
They can arrange a maximum of 16 vir
tual address spaces with 16 protection 
groups. You can program the MMUs to 
set the data caches to copyback or write
through modes and inhibit the caching 
of specific pages in memory (typically for 
memory-mapped I/O). The combination 
of the PowerPC core and the caches 
allows the MPC801 to deliver 33 MIPS at 
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25 MHz (using Dhrystone 2.1) and 52 
MIPS at 40 MHz. 

To reduce power consumption, the 
MPC801 supports four low-power 
modes: doze, sleep, deep sleep, and low
power stop. A phase-locked loop (PLL) 
obtains the processor clock signal, which 
enables a system designer to dynamical
ly reduce the clock rate to conserve pow
er when a hand-held device is idle. 

Interfaces Galore 
The MPC801 has a system interface unit 
(SIU) that enables it to work with a vari
ety of peripherals. It handles dynamic bus 
sizing to 8-,16-, and 32-bit wide memory 
and devices. The SIU's built-in memory 
controller can generate the signals and 
timings for SRAM, synchronous static 
RAM (SSRAM), EPROM, FLASH EPROM, 
DRAM, self-refreshed DRAM (SRDRAM) , 
and extended data out (EDO) memory. It 
can manage up to eight separate memo
ry banks. The processor supports a glue
less interface to one bank of memory, but 
additional banks require external buffer 
logic to maintain the signal levels. 

The MPC801 has two on-chip fu11-
duplex serial UARTs. Each of these UARTs 
can be independently programmed for 
baud rates ranging from 300 bps to 115.2 
Kbps. Eight maskable interrupts assist I/O 
transfers. Interestingly, these serial ports 
provide direct support of the IrDA phys
ical layer protocol. IrDA is an infrared 
beam communications protocol, devel
oped by the Infrared Device Association, 
that's used to transfer information in 
some hand-held machines. By imple
menting the IrDA protocol in the hard
ware, the MPC801 can reduce the parts 
count in a hand-held's design, thereby 
lowering its costs. 

The processor also provides two oth
er communications interfaces: SPI and 
12C. The SPI is a four-wire, full-duplex, 
character-oriented interface. It supports 
8- and I-bit character operations, and it 
can operate in master or slave modes. 
Like the UARTs, the SPI can also interrupt 
the processor to expedite data transfers. 
12C is a low-speed, full-duplex, two-wire 

WHERE TO FIND 

Motorola Microprocessor and Memory 
Technologies Group 
Austin, TX 
(512) 891-3823 
http://www.mot.com/SPS/HPESD/prod/eppc/ 
MPC801.html 
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bus that enables the MPC801 to commu
nicate with a variety of controller chips. 
It, too, supports interrupts. 

AlMs and Web TVs 
Because of its built-in communications 
functions, the MPC801 is thus ready
made for embedded applications that 
require such capabilities. It can be used 

An Example of an ATM Application 
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and hardware configuration settings, 
which can change over time. The eC 
interface directs a micro controller that 
scans the teller machine's keypad for key 
presses and reads the data from the mag
netic strip on the customer's ATM card. 

Here's the most intriguing application 
of the MPC801. Mitsubishi Consumer 
Electronics is using it to convert a 40-inch 
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The MPC801 can operate the automated teller machine's hardware, 

display, and communications with the bank computer. 

in set-top boxes, cellular base stations, 
automated teller machines (ATMs), hand
held computers, and Internet terminals 
or network computers . Two examples 
help emphasize how the MPC801 is an 
ideal fit for applications that demand 
extensive communications support. In 
the figure "An Example of an ATMAppli
cation," the MPC801 is shown acting as 
an embedded controll er. The processor 
operates the hardware and handles the 
user's interactions with the machine. It 
can also manage the communications the 
ATM requires to verify transactions 
with a remote bank computer. One UART 
operates a smart terminal that serves as 
the teller machine's display screen; the 
other operates a modem that relays trans
action data to and from the bank com
puter. The SPI updates nonvolatile data 
in a serial EPROM. This nonvolatile 

TV into a Web browsing box called the 
DiamondWeb TV. Because of the 
MPC801's glueless interface to memory 
and to Motorola's Scorp ion Graphics 
processor (which is used to mix text, 
graphics, and live video), the Dia
mondWeb TV's parts count-and there
fore its cost-can be kept low. 

The MPC801 implements a Web 
browser and a Java virtual machine on 
the device. Its serial connections help 
implement the TV's audio, modem, 
video, and TV monitor interface func
tions. The DiamondWeb represents the 
convergence of TV, the Web, and com
puting in one integrated device. The 
MPC801's capabilities make it all possi
ble. And affordable. III 

Tom Thompson is a BYTE senior technical edi

toratlarge. You can reach him attom_thomp-

data might consist of encryption codes son@bix.com. 
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Programming 

A new programming model for parallel processing simplifies writing 
programs and promises code portability. By Dick Pountain 

Parallel Processing in Bulk 
arallel processing- using 
more than one CPU to in
crease computation speed
is one of those cutting-edge 

technologies that always seems poised to 

break through into the mainstream. 
The problem has been that writing soft
ware for parallel computers is just too dif
ficult. It requires complex code to syn
chronize the data and activity of tens or 
hundreds of processors. Furthermore, 
because parallel programs aren't portable 
between different supercomputer archi
tectures, no volume software market has 
ever taken off to sustain the effort. 

A new parallel-programming model, 
called Bulk Synchronous Parallelism 
(BSP), promises to remedy this situa
tion. Developed by teams at Oxford in 
the U .K. and Harvard in the U.S ., BSP 

offers a simple synchronization mecha
nism. It also has the potential to make 
parallel programs portable between dif
ferent parallel-computer architectures. 

Parallel's Pitfalls 
Parallel programming's fundamental 
problem is that there has been no gener
ally accepted model of what a parallel 
computer should look like. Some design
ers have favored distributed-memory 
machines, whose processing nodes com
municate by passing messages. Others 
have preferred symmetric-multiprocess
ing (SMP) or 'shared-memory architec
tures, where all the processors read and 
write the same memory. 

Yet others have used collections of 
workstations connected by a LAN to sim
ulate a single parallel computer. The clus
tering of workstations into virtual par
allel computers is immeasurably easier 
since the emergence of standard message
passing environments such as Message 
Passing Interface (MPI) and Parallel Vir
tual Machine (PVM). Still, moving a pro
gram from one type of parallel machine 

to another normally involves a complete 
rewrite of the program. 

What's needed is an abstract model of 
a parallel computer that describes all 
these schemes, hiding the physical details 
of particular architectures from pro
grams to make them portable. Another 
desirable feature of such a model would 

Supersteps Toward Synchronization 
o Each processor starts 0 

at a superstep barrier, 
executing its own code 
thread. 

that efficiently supports a global mem
ory space and a mechanism for the bar
rier synchronization of all the processors. 
Execution of a BSP program proceeds in 
phases, and all global communication 
takes place between phases. 

Each phase is called asuperstep.1t con
sists of a number of parallel-running 

Superstep 
h~-" barrier 

~ ........ fJ The processors work 
with local data. They 
pass communications 
requests to obtain 
global data from other 
processors. These 
requests are deferred 
until the next superstep 
barrier. 

••••••••••••••••• t--

o Each processor reaches 
a superstep barrier 
and halts. 

e Global data transfers 
take place, synchronizing 
all the data. 

o The processors start 0 
execution to the next 
barrier. 

~ ...... 
· · · · . · . · . · . · · · · · 

Computation 

Superstep 
barrier 

BSP's step-by-step scheme simplifies the synchronization 

of both processors and any shared (global) data. 

be predictability (i.e., the ability to ac
curately analyze how such portable pro
grams will perform on different real 
architectures). BSP provides just such a 
model. 

BSP's Structure 
The BSP model assumes a set of proces
sor/memory pairs. These pairs are con
nected by a communications network 

threads that contain any number of oper
ations. The threads perform only local 
communication until they reach a syn
chronization point or barrier. At a bar
rier, all the threads must wait until thelast 
one becomes ready, at which time all 
global communication (i.e., accesses to 
the physical memory of remote proces
sors) takes place, as shown in the figure 
"Supersteps Toward Synchronization." 

continued 
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Core 

This model completely decouples com
munication from synchronization, so 
that the synchronization of individual 
messages ceases to be of concern to the 
programmer. 

BSP doesn't care whether a parallel 
computer implements barrier synchro
nization via hardware or software, 
because this affects only absolute per
formance. As an example, Cray's T3D, a 
massively parallel supercomputer based 
on Digital Equipment Alpha RISC proces
sors, supports hardware barri er syn
chronization by providing each proces
sor/memory node with a special barrier 
register. 

BSP is equally unconcerned about the 
underlying mechanism used for com
munication. Thus, the same program 
could run on an Ethernet ofpCs using the 
WinPVM library or on a T3D. 

BSP Parameters 
As important as BSP's support for pro
gram portability is the way it provides an 
analytic cost model for assessing the per
formance of parallel algorithms. This is 
something to which synchronized mes
sage-passing programs have never been 
amenable. 

Any BSP computer is defined by three 
parameters : p, the number of proces
sor/memory pairs; I, the latency, or num
ber of time steps consumed by barrier 
synchronization; andg, a ratio obtained 
by dividing the total local operations per
formed by all processors per second by 
the total words delivered by the com
munications system per second. Note 
thatg measures only a bulk property of 
the whole system, not the speed of indi
vidual CPUs or links. The I andg param
eters are normalized with respect to a 
fourth parameter, s, the number of time 
steps per second or MFLOPS rate, so you 
can compare algorithms running on dif
ferent hardware. 

You can consider any scalable parallel 
system to be a BSP computer and deter
mine what its p, I, and g parameters are 
by benchmarking. You can then use these 

WHERE TO FIND 

Oxford Parallel 
OUel 
Oxford, U.K. 
+44 1865273897 
fax: +44 1865 273819 
oxpar@comlab.ox.ac.uk 
http://www.comlab.ox.ac.uk 
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Programming 

results to analyze the computational 
complexity of both architectures and 
algorithms. Designers of parallel archi
tectures strive to reduce 1 andg to a min
imum. Likewise, a programmer's choice 
of algorithm will try to offset the bad 

ory primitives. There are also optimized 
native libraries for IBM's S'rl/SP2, Cray's 
T3D, Silicon Graphics' Power Challenge, 
Meiko's CS/2, and other supercomputers. 

Oxford Parallel is working on BSP sup
port for SMP machines running Windows 

Programming with BSP 
.8 SP doesn't require the invention of any new programming languages. You can write 

BSP programs in conventional sequential languages such as C or FORTRAN 90. 
You then link the program to a library that implements a few primitive BSP operations. 

The simplest primitives are bsp_put and bsp_get, which are requests for non local 
data access, and bs p_sync , which marks a barrierfor synchron ization. Pu t and get are 
both one-sided operations, and you don't need to pair them: You either put a value into a 
remote process or get a value from it, but not both. They do, however, requ ire variables to 
have the same names in different physical address spaces, so they are most suited for Single 
Program Multiple Data (SPMD) algorithms. 

Other BSP primitives are better suited for different types of parallelism. Put and get 
are non blocking, so the process that calls them can proceed immediately. Issuing a put 
or get guarantees only that the requested data operation w ill be completed by the end 
of the superstep or next barrier synchronization. 

The C function, bs p_a 11 s urns ( ), hints at the flavor of BSP programming. It calcu lates 
the running sums of p integers stored on p processors. Put another way, if integer x i is 
storedonprocessori , theresultonprocessor i is xO + xl + ... + xi . 

You use the primitives bs p_pus h reg is ter and b s p_popreg is te r to register the 
name ofthe destination variable 1 eft across all the processors. The cost of this algorithm 
is 1 og (p) x (9 + 1 + I) + 1, as there are 109 (p) + I supersteps (including one for the 
reg istration), and the addition operation costs 1 FLOP. 

#include "bsp.h" 
#include <stdio . h> 
#include <stdlib .h> 

int bsp_allsums(int x) 
int i, left, right; 
bsp_pushregister(&left,sizeof(int)); 
bsp_sync() ; 

right = x: 
for(i=1;i<bsp_nprocs() ;i *=2) ( 
if (bsp_pid()+i < bsp_nprocs()) 

bsp_put(bsp_pid()+i .&right.&left,O.sizeof(int)); 
bsp_sync() ; 
if (bsp_pid( »= i ) right = left + right; 

} 

bsp_popregister(&left); 
return right; 

} 

effects of large I and g inherent in a 
hardware design. 

A Parallel Future 
The Oxford University Computer Lab 
(OUCL) has set up a unit called Oxford 
Parallel to commercialize and spread the 
word about BSP. The firm offers the 
Oxford BSP Library for a number of 
machines, including a free generic ver
sion for any homogeneous parallel Unix 
machine that has access to PARMACS, 
PVM, TCP/IP, or System V Shared Mem-

NT and for clusters of NT servers. Such a 
development would be timely indeed, 
given that the PC industry is entering an 
era of multimedia and 3-D graphics appli
cations that cry out to be accelerated by 
parallel processing. Perhaps after all those 
false dawns, BSP is the technique that will 
bring parallel processing into the main
stream for the first time. iii 

Dick Fountain is a BYTE contributing editor 
based in London. You can contact him at 
dickp@bix.com. 
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Tomorrow's 
CPUs 

The hard part will be choosing among major 
new chip platforms and families; 

easier to take will be the blazing speeds 
of tomorrow's processors. 

onventional wisdom says that Intel dominates the 
desktop CPU market. But look at the company's devel
opment plans for the next year, and you'll see a cor
poration that's acting a lot more like a hyperactive 

start-up than a sleepy giant. 
Why? The CPU decisions we make will fuel a fundamentally 

new battle among processor architects. Some RISC-chip vendors 
are developing a new family of processors designed from the 
ground up to run Java applications at optimum speed. BYTE ob
tained exclusive technical details about Sun's picoJava architec
ture, which will provide the underpinnings for some Java chips 
that should ship next year. Early tests using Java-chip simulations 
point to significant speed advantages over general-purpose CPUs 
that use interpreters or just-in-time compilers to run Java code. 

Intel hasn't announced Java-specific architectural changes 
for its processors, but it's not standing still, either. Over the next 
12 months, the company will introduce three major new chips, 
including the first Pentium Pro to break the 300-MHz barrier. 
Stretch your sights into 1998, and you begin to see Intel's seventh
generation processor, the secretive Merced joint project with 
Hewlett-Packard. 

Intel has good reason to continue to innovate. Even if Java 
chips never take off, we expect to see nine new x86 chips from 
AMD, Cyrix, and the lesser-known IMS. At the same time, the 
PowerPC Alliance is redoubling its efforts to develop pace-set
ting chips and a hardware standard that will spawn PowerPC 
systems for the Mac OS, Windows NT, and Unix. 

Myriad CPU choices may be confusing atfirst, but if you choose 
wisely, your next computer might give you the fastest perfor
mance ever for the applications that are important to you. In 
relative terms, your next processor will deliver this performance 
ata bargain price. If you choose badly, however, you may be shack
led with a processor that's blazingly fast for some applications 
but a slouch for others. If that happens, no price is a bargain. 

The following stories can help you find your next CPU and 
begin to plan for the generation after that. In the end, you may 
long for the days when you needed only to compare clock speeds 
to find the right chip. -Alan Joch 
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Are Java chips better than general-purpose CPUs? Or will 
new compilers make them obsolete? By Peter Wayner 

Sun Gambles on Java Chips 

II 
ownload a small Java appli-

• 
cation from the Internet 
today and your trusty x86 or 
RIse processor won't blink. 

These epus are designed to optimally run 
C-based applications, but they also work 
well at emulating the Java virtual machine 
(VM) for the simple Web-based applets 
we're seeing now. 

Life is good, as long as Java spawns 
nothing more complicated than cute 
dancing applets on Web pages. But Java 
has the potential to become much more. 
Its cross-platform compatibility is moti
vating some software companies, such as 
Corel, to develop large-scale business 
applications entirely in Java. 

Suddenly, our decisions about which 
epu platform to buy may become twice 
as difficult. Do we stick with a general
purpose processor and hope it will run 
tomorrow's Java applications efficient
ly? Or do we bank on a new generation 
of processors built from the ground up 
for fast Java performance? 

Sun Microsystems, the company that 
launched Java, is betting on dedicated 
Java chips to deliver the performance 
needed for Java-based business and 
embedded applications. To this end, 
Sun is developing a core specification
known as picoJava- for Java chips. BYTE 
has exclusively obtained the spec prior to 
its public release. The architecture out
lines a number of design innovations for 
optimally running Java code. At prices 
that fall below $100 for even the most 
expensive versions of these chips, Sun 
hopes the price and performance char
acteristics of Java processors will both 
ride on and help power the Java wave. 
Chips based on Sun's picoJavacore archi
tecture should appear early in '97 and 
make their way into commercial prod
ucts by the end of the year. Sun also wants 
to license the picoJavacore design to oth
er companies that want to produce their 
own Java chips. 

Sun's strategy is compelling but not air
tight. Platform-specific processors have 

picoJava's Stack Architecture 
The registers in the 
picoJava stack hold 
method frames ••• 

Each method frame 
consists of ••• 

Each frame state 
holds the following 
pointers ••• 

RetumPC 

Return variabllesl 

Retumframe 

Current 
constant pool 

Current 
method block 

Current monitor 

The picoJava stack uses 64 32-bit registers. picoJava allocates 

variables on the stack; method calls pass data through the stack. 

been tried before with mixed results. And 
some competitors believe they can 
enhance their existing processors to boost 
Java performance without resorting to 
Java-specific chips. 

Either way, we're watching the open
ing volley of a technical war that may take 
months or even years to resolve. While 
many questions will remain unanswered 
until we see actual silicon, we can begin 
to sort out the technical merits of Java 
chips today. 

Two Flavors 
Sun's picoJava architecture will be the 
foundation for the first-generation Java 
chips, known as microJava, a low-cost 
(approximately $25-$50) family for 
resource-stingy embedded applications. 
Typical applications might include indus
trial data-acquisition devices, PDAs, cel
lular phones, set-top boxes, and low-cost 
network computers. 

Sun is also developing a more expen
sive (approximately $100) chip called 

ultraJava, which will be for desktop sys
tems. Sun officials won't say whether or 
not ultraJava chips will use a picoJava 
core. However, these chips could include 
multimedia capabilities such as JPEG 
decompression and the graphics-pro
cessing optimizations now found in Sun's 
UltraSPARe RIse processors. 

BYTE couldn't obtain' actual silicon 
samples of Sun's Java chips at press 
time, so we don't know how well pico
Java succeeds at boosting Java perfor
mance. According to Sun, these chips will 
run Java programs about 12 times faster 
than the same code executed by Sun's cur
tent Java interpreter. (See "Preliminary 
Speed Tests," page 80.) But Java bytecode 
interpreters are getting better, too. For 
instance, Intel has written its own Java 
interpreter for the x86 series and claims 
it runs Java code three times faster than 
Sun's interpreter. 

Just-in-time OIT) compilers can run 
Java code even faster than interpreters, 
but Sun says the picoJava chips could be 
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five times faster than a Pentium with aJIT 
compiler. However, Sun concedes that 
it still isn't certain how much picoJava's 
hardware improvements for thread syn
chronization and garbage collection 
will contribute to the overall speed of Java 
chips. Sun officials are optimistic about 
seeing performance improvements in 
these areas once they test actual silicon. 
Nevertheless, the actual performance 
improvement you get will depend on 
whether the Java program is heavy on 
computation and light on object juggling. 
Applications that require more system 
overhead may see a smaller performance 
improvement. 

Sun is pinning much of its hopes on the 
developing market for Java-based 
embedded devices. MicroJava chips 
could fit well onto tiny platforms, thanks 
to their memory efficiency. Since a Java 
chip will natively execute Java bytecode 
without converting it to another epu 
instruction set, it doesn't need the extra 
memory or cache space that's required 
when a general-purpose processor runs 
a Java bytecode interpreter or JIT com
piler. Also, the bytecode is generally 
smaller than that for a RIse processor. For 
example, Java bytecode averages 1.8 

bytes per instruction (without the tables 
for dynamically linking the code during 
method calls), while RIse code general
ly requires 4 bytes per instruction. 

Pushing the Stack 
What makes picoJava chips different 
from other processors? Foremost is how 
picoJ ava refines the stack. In the picoJ ava 
architecrure, Java chips allocate variables 
locally on the stack, and method calls and 
bytecode operations also pass data 
through the stack. 

Most C compilers convert C source 
code into a stack-based language, but the 
compilers then go through an addition-

Java interpreters 
Like a translator at the United Nations, Java 
interpreters translate Java bytecode into 
native instructions the CPU understands. 
Interpreters convert byte code on·the·fly 
and must process the same code over and 
over again when you run the Java program. 
Java interpreters usually run slowly, some' 
times at only 3·1 0 percent the speed of 
compiled C code. 
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W hen we went to press, chips based on Sun's picoJava core architecture didn't exist, 
so we were unable to evaluate performance of these dedicated processors. However, 

preliminary statistics from internal Sun tests indicate that Java chips could deliver signifi· 
cantly better performance than today's two main alternatives for running Java code: using 
a Java interpreter or a just·in·time (J IT) compiler with a general'purpose processor. 

Note, however, that while Java chip advocates are finishing their core designs, devel
opers of Java interpreters and JIT compilers are creating new and faster versions of these 
technologies. So view the following numbers as snapshots: The competition to deliver 
faster Java performance will continue to heat up over the coming months. 

Pentium with 
Java interpreter 

Pentium with 
just·in·time compiler 

picoJava simUlation 

Javac Tests 

1---.,.----1 

o 5 10 15 

How Sun Tested: Javac is Sun's JDK 1.0.2 javac 

compilerfor the Ray Tracer benchmark. It consists 
of 25,000 lines of Java code (with comments) in 

1 70 different classes. The Java bytecode totals 

422 KB. The RayTracer benchmark generates an 
image of a 1400-triangle dinosaur standing on a 

glossy table. RayTracer is a 3500-line Java pro

gram in 32 classes. The bytecode totals 36 KB. 
The picoJava simulator is 100 MHz, with 4 KB 

of direct·mapped instruction cache and 8 KB of 
two'way data cache and no off-chip cache. The 
FPU is present. DRAM is 120-ns latency. 

The test Pentium machine was a Hewlett· 

Packard Vectra VL 51166 Series 4, with 32 MB 
of RAM and 256 KB of off·chip cache. The inter· 

al step of converting this intermediate 
language into native RIse code (see "RIse 
vs. else" on page 82). This allows the 
compiler to analyze the flow of data and 
keep the most essential elements in the 
epu registers. A standard RIse processor 

Just-in-time (Jll) compilers 
Just-in-time (J IT) compilers translate Java 
bytecode into native code like interpreters 
do, but they don't have to translate the 
same code over and over again because 
they cache the native code. This can result 
in significant performance improvements, 
but sometimes a J IT compiler takes an 
unacceptable amount of time and memory 
to do its job. 

20 25 0 
Seconds 

Ray Tracer Tests 

50 100 150 200 

preter is Sun'sJDK 1 .0.2 for Win 95/NT. The just

in·time (JIT) compiler is Symantec's Cafe 1.5 for 
Windows 95 and NT. 

All the times were scaled to 1 00 MHz to match 

the picoJava simulator output. Thus, times for the 
Pentium system were multiplied by 1.66. The 

picoJava simulator does not accurately simulate 

I/O, so 0.8 seconds were added for the Javac 
benchmark for I/O, and 0.4 seconds for 110 were 

added to the Ray Tracer benchmark results. The 
effects of garbage collection were also minimized 

by sizing the amount of memory allocated by Java 
for the program. By allocating a large amount of 

memory for the benchmarks, garbage collection 
was never invoked. 

simulates a stack machine by loading or 
storing data from the stack into registers, 
then using one of the registers to repre~ 
sent the stack pointer. This operation is 
simple, but the number of registers lim
its the opportunities for optimization. 

. continued 

Java chips 
Dedicated Java processors, like those that 
will be based on Sun's picoJava core archi
tecture, natively understand Java bytecode 
without the overhead of an interpreter or 
JIT compiler. Proponents say native-code 
processing and Java-centric optimizations 
yield the best possible performance for 
more complex Java applications that might 
be on the horizon. 
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The picoJava architecture uses a stack 
of sixty-four 32-bit registers with a point
er to the top register on the stack (see 
"picoJava's Stack Architecture" on page 
79). If you have 20 registers allocated for 
a particular stack frame (call it method 
A), then a call to another method (B) 
would begin using register 21. The point
er to the top of the stack would move 
down from 20 to the last register used by 
methodB. 

Smart Cache 
Sun architects devised a clever method of 
caching data if all the registers are full (see 
the figure at right). For example, when 
you invoke method B, the picoJava reg
ister file allocates all remaining empty 
registers and carries over to register 1 if 
additional space beyond 64 is required. 
What happens to the method-A data in 
those registers if method B quits run
ning and method A resumes? Something 
Sun calls the "dribbler" steps in from the 
background to restore the method-A 
data. The dribbler constantly reads and 
writes data from the 64 registers to a copy 
that's kept in memory. So when method 
B grabs the additional registers, the 
dribbler has already copied the data. (If 
for some reason the dribbler hadn't yet 
made a copy, the Java chip would pause 
any processing tasks until the dribbler fin-

How does the x86 stack up against RiSe 
chips when running Java? Interestingly, 
the ancient x86 has a few advantages. For 
example, the x86's PUSH and POP 
instructions could become more valuable. 
These combinat ion instructions were 
some of the f irst to go with RiSe. They 
were replaced by two instructions: a reg· 
ister increment or decrement followed by 
a load or a store. So the x86 might handle 
Java stack operations more efficiently than 
some RiSe processors. 

One big difference between RiSe and 
else is the number of general·purpose 
registers for storing integer and floating· 
point values. RiSe chips typically have 
32 or 64 registers, while the x86 has only 
16. Normally, th is puts the x86 at a dis
advantage. But Java is a stack language; 
all the information between subsequent 
instructions is kept on a stack. RiSe reg
isters offer no great advantage unless a 
just-in-time (JIT) compiler can schedule 
the use of the registers more efficiently. 
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"Dribbler" Saves Data 
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Sun's "dribbler" is a clever method of caching data and 

returning it to the stack when registers become full. 

ished this operation.) When method B 
stops running and gives up the registers, 
the dribbler restores the data to the stack, 
so method A is current. 

The dribbler takes advantage of the 
fact that the data traffic between the 
registers and its image in memory is high
ly predictable. System designers are able 
to easily tune a cache to anticipate the 
requests of the dribbler and make sure the 
necessary data is available in the local data 
cache when it needs to be. 

The flexible register approach of pico
Java contrasts with the simple register 
files of RIse processors. Java's dribbler 
dynamically tries to keep all the local vari
ables available in fast registers. RIse chips, 
on the other hand, rely upon the compiler 
to orchestrate the movement of infor
mation in and out of the chip. Static reg
ister allocation works well with scientif
ic code, which may have complicated 
loops that use each piece of data in mul
tiple calculations. 

A robust compiler may find a way to 

unroll the loops and arrange the flow of 
data in and out of the registers. The com
piler might also be able to leave data in a 
register in cases where the data needs to 

be reused 50 cycles later. 
The picoJava stack is not well suited 

for leaving data around or for pushing 
information deeply onto the stack so it 
can reemerge at the right time. (Smart 
compilers that do this magnificent opti
mization for scientific code should be able 
to do the same for Java code by creating 
faux local variables that act like registers.) 

However, the picoJava stack can shine 
with code that calls many short proce
dures that are constantly starting and 
stopping. These function calls are con
stantly clearing and filling data in regis
ters. The Java stack handles these chores 
in the background, with the dribbler 
keeping the register file accurate. 

The stack at the center of the Java vir
tual machine is a simple conceit that 
makes it easy to pack code. This design 
challenges RIse machines and their abil
ity to speed the flow of data by using 
registers in a smart way. AJava interpreter 
can't anticipate the flow of data through 
the stack, so it can't use the registers for 
much more than a temporary image of 
the very top of the stack. Just-in-time 
compilers may be able to do the analysis 
necessary to use the registers more effi-
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ciently, but spending time on this kind 
of analysis would end up undermining 
their effectiveness. 

Stack, Efficiency 
The picoJava architecture wrings out effi
ciency in another important way: It can 
dispatch simultaneous instructions when 
you need to move a local variable to the 
top of the stack and perform some com
putation on it (see the figure at right). If 
the instructions were not dispatched 
simultaneously, the data would be con
sumed immediately after it's written to 
the top of the stack. PicoJava issues the 
move and the arithmetic operation 
together so they execute at the same time 
without disturbing the stack, writing over 
a register, or forcing the dribbler to do 
anything. This reduces memory access
es and potentially cuts execution time. 

Early reports from Sun indicate that 
the effect of simultaneous instructions 
can be dramatic. According to Sun's code 
analysis, stack operations account for 43 

percent of all operations a picoJava-based 
chip performs. If you combine instruc
tions, stack operations drop to 29 percent 
of the tasks done by a Java chip. 

A persistent challenge in the design of 
all CPUs is how to manage the flow of data 
through the system. A modern RISC 
processor typically has two levels of cache 
that pull data in and out of main memo
ry. The main memory, in turn, acts as a 
cache for a much larger amount of virtu-

Architectural diagrams reveal a lot about 
picoJava, but a number of questions remain 
unanswered until we have live systems. 

Q: How fast will systems based on Java 
chips run compared to PCs with general
purpose CPUs? 

A: Sun says Java chips might run Java code 
12 times faster than bytecode interpreters. 
But Java chips currently exist only as simu
lations, and new generations of general-pur
pose CPUs, Java interpreters, and just- in
time (JIT) compilers are closing the perfor
mancegap. 

Q: Can Java chips satisfy multiple 
demands? 

A: With an advanced TV set-top box-a 
prime potential application for Java chips
you could run Java applets from the World 
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A picoJava chip moves data to the top ofthe unused registers in the 

stack and simultaneously dispatches a computation instruction. 

al memory on the hard disk. Ordinarily 
this combination works to keep the most 
needed information as close as possible 
to the CPU, based on the assumption 
that the most recently accessed data is the 
most likely to be accessed again. 

Garbage collection, in which the pro
cessor examines all objects and deter
mines which ones are not in use, can 
ruin this scheme. This exhaustive search 

Wide Web or play videogames. But the lat
est home videogame machines could do 
this, too. Some of these boxes are surpris
ingly powerful and are easily capable of run
ning a fastJlT compiler on their general-pur
pose RISC processors. 

Q: How important will Java become? 

A: Java has the potential to become a stan
dard for broad-based application develop
ment. The more specialized (but still signif
icant) embedded-systems market may 
become even more important for Java. 

Q: How will Java evolve? 

A: If Java does become a foundation for a 
broad range of application software, the size 
and structure of Java bytecode could 
change, and hardware architects would 
need to adjust their designs. 

can destroy all the work that the cache 
and the virtual memory controller have 
done to keep the most current and impor
tant data close to the CPU. Suddenly, all 
objects are the most recently accessed. 
This can be a real problem if the Java 
garbage collector runs as a concurrent 
thread, as it often does. 

The simplest solution is to allow the 
software to turn parts of the cache on and 
off. This can help manage the stack 
because the top of the stack-more so 
than the bottom-is likely to be accessed 
next. Many RISC chips use this method 
of cache control. 

A bigger problem results because even 
the simplest garbage-collection mecha
nism cannot be interrupted by normal 
system tasks. If garbage collection is inter
rupted, the list of referenced and unref
erenced memory might be corrupted and 
good information thrown away. To guard 
against this, picoJava maintains a tag bit, 
known as a write barrier, on each object. 
This barrier allows garbage collection to 
operate in the background and practically 
eliminates the effect it can have on run
ning code when the entire machine paus
es to identify unreferenced memory. 

Streamlined Pipeline 
For optimum performance, any CPU 
design must balance the computational 
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power of each instruction so it can effi
ciently pipeline the code. Pipelining splits 
an instruction into several parts, with 
each part taking the same amount of time 
to process. This allows a superscalar (mul
tipipelined) CPU to process several 
instructions simultaneously. 

For pipelining to work, all the data 
needed for a computation must be in the 
right place at exactly the right time. 
RISC pipelines driven by optimizing com
pilers have done this quite well, and Sun 
uses a very RISC-like pipeline for picoJa
va. The pipeline has only four stages: 
fetch, decode, execute, and writeback 
(see "picoJava's Pipeline" at right) . 

The chip accesses the cache during the 
execute phase, which can also perform 
some addition operations. For example, 
some Java instructions demand that you 
access a field of an object by adding n 
bytes to the pointer at the start of the 
object. These Java instructions execute in 
the picoJava pipeline as one instruction. 

Sun is hoping that an innovative stack 
architecture, a tweaked garbage-collec
tion mechanism, and a stripped-down 
pipeline design will add up to fast per
formance for picoJava chips. 

Do We Need Java Chips? 
The great potential of Java has generat
ed enthusiasm throughout the computer 
industry. However, not everyone believes 
dedicated Java chips are necessary. After 
all, university researchers have built 

Designing a dedicated chip to run Java soft· 
ware is very different than designing a RISC 
chip to run C code. Here's why. 

• Java is much more regimented than C. The 
Java virtual machine (VM) stores all its tem
porary data, including the results of each 
computation, on a stack. C uses a stack 
optionally. 

• C compilers rarely know much about the 
pointers they manipulate. Java objects, by 
contrast, have a type from a strictly defined 
hierarchy, and this type information is avail
able to the processor. The Java bytecode 
interpreter uses the structured information 
for security purposes and to optimize the 
code. 

• Java centrally controls memory byallocat· 
ing and reclaiming memory for all objects. 
Central control means engineers can tune 
the memory/processor interface to keep 
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picoJava's Pipeline 
Cache 

Fetch Decode Execute Write-back 
Fetch fixed-size Decode and Execute for one Write results 
cache lines (from apply folding or more cycles. back into the 
VO via instruction logic, if operand stack. 
cache) into the appropriate. 
instruction buffer. 

1 

To get data in the right place at exactly the right time. picoJava uses 

a simple. RiSe-like pipeline with only four stages. 

specialized chips for languages such as 
LISP or Small talk only to discover that 
software implementations running on 
RISC chips offered superior performance. 

Some chip vendors say their existing 
RISC and ClSC architectures can handle 
Java quite well. Advanced Risc Machines 
(Cambridge, U.K.) tuned its StrongARM 
architecture (see "StrongARM Tactics," 
January BYTE) for embedded applica
tions and stack-based languages, such as 
Java and PostScript. The StrongARM can 
move a stack frame in and out of the reg
ister set with a single instruction, accord
ing to Dave Jaggar,ARM's technical mar
keting director. By itself, this probably 
won't make Java programs run any faster, 

the most important information available to 
the CPU. By contrast, RISC chips offer lit
tle support for memory control and simply 
rely upon the cache to deliver the data at 
the right time. 

• Java dynamically links procedure calls and 
method invocations at run time. This may 
involve searching several tables and chas· 
ing several pointers. C programs have the 
branches and jumps hard·coded during 
linking so the CPU can't intervene to speed 
up the process. 

• The Java specification explicitly identifies 
thread synchronization in the instruction 
stream. This means that picoJava chips can 
support synchronization primitives in hard· 
ware.ln contrast, C programs that are run
ning on a RISC chip carry out thread syn· 
chronization only through additional layers 
of software. 

Estimated picoJava die: .35 microns 

picoJava core = 8.0 mm2 

optional FPU = 5.5 mm2 

Total 13.5 mm2< 
*Total size without the instruction or data caches, 

which are both variable from 0 to 16 KB. 

but it does conserve system resources and 
use the cache more efficiently. 

Other processors will soon ship with 
subtle Java enhancements. The Mips divi
sion of Silicon Graphics is working on 
improvements to its RxOOO architecture 
that could speed up Java programs. These 
enhancements will save memory and 
bandwidth and help speed the interpre
tation ofJava code. The RxOOO will prob
ably use a single instruction to transfer a 
set of bytes from the stack to the registers 
while incrementing the stack pointer. 
Mips officials believe that users of Silicon 
Graphics workstations, set-top boxes, 
and videogame machines require com
putational performance first and Java 
prowess second. "We want to concen
trate on evolving the Mips architecture," 
says Derek Meyer, director of interna
tional marketing and sales. "Java per
formance will follow." 

Some embedded-systems developers 
are both encouraged and skeptical about 
Java. "There's a direct relation between 
Java and the Internet, and this has a lot of 
potential for embedded applications," 
says George Nicol, president of Silicon 
Composers (Palo Alto, CA). One idea 
his company has been investigating is to 
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The picoJava design team knew it had to 
overcome one major hurdle: the Java lan

guage has no instructions for manipulating 
a computer's main memory. Most comput
ers use memory locations to handle all input 
and output. For example, getting input from 
a mouse or a keyboard requ ires reading 
directly from memory. For security and safe
ty reasons,'Java won't allow this, which is 
why many system designers believe Java is 
unusable as a general system language. 

S un Gambl es on Java Chip s 

But picoJava designers had a trick up 
their sleeves. They simply added new byte
code instructions fo r reading and w riting 
memory. These instructions won't work on 
a Java-ready browser, but they will work for 
Java chips. Someone could even w rite an 
entire OS in Java. You also could compile C 
for Java-only ch ips and convert memory ref
erences. In fact, C is similar enough to Java 
that a Java ch ip running C might be faster 
than a C ch ip emulating Java. 

Here's what Computer Reseller News, the industry's bible, said about DTK's APRI-31 network workstation 
with the Intel Pentium® Pro processor: "H-P, DTK lead the Pentium® Pro pack" 

"The APRl's all-SCSI peripherals, AMI BIOS, Intel 440FX chipset and proprietary motherboard com
bined to garner the highest overall score and to outpace the fie ld in two of the five applications tests. It finished ... a 
close second in the remaining three individual tests." "The DTK APRI-31 MlP200 is a price/performance leader, 
and an excellent value ... " - eRN, 9/2/96 

Now, DTK's APRI-32 has DUAL Pentium® Pro processors! 
The ultimate system for workstations and 

servers, it's DTK's new APRI-32, with dual Intel® 
Pentium® Pro 200MHz processors and an inte
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sor system make an ideal networking combination. 

Your new APRI-32 can be 
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And , with the Seagate 
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is standard), the APRI-32 is an unbeatable work
station/server system. 

All DTK systems are FCC-certified and UL
Listed. Technical support from our network
savvy specialists is free. 

DTK has combined the most advanced tech
nology with sensible pricing. It doesn't take a Wall 
Street analyst to recognize that the APRI-32 is a 
wise choice! 

APRI-32 
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connect real-time data-acquisition instru
m en tation to the Internet to distribute 
information quickly to widely dispersed 
groups of clients. 

However, N icol says the Java language 
specifications leave him cool in terms of 
performance for real-time process con
trol and data acquisition . "T he design 
doesn't seem as elegant as it could have 
been. There's a strong software orienta
tion," he says. "But Java does have busi
ness momentum behind it." 

Economics also en ters the p icture. 
ARM, Intel, and Mips sell their chips for 
a wide range of applications, so they can 
justify spending more engineering time 
on their core engines. This could lead to 
a tighter performance race between 
general-purpose CPUs withJIT compilers 
and picoJava chips. Another hurdle for 
Sun could be unforeseen problems inte
grating picoJava chips into systems. 

In the end, the success of]ava chips will 
depend largely on the success of] ava. An 
advantage for Java chip proponents is 
how complex it is to design a chip for fast 
C and Java code performance. CPUs that 
run C well may do a good job of emulat
ing the Java VM, but they may never 
approach the speed of a chip optimized 
for Java code. The reverse is also true. 
To compensate, designers need more 
than a thorough understanding of CPU 

Sun Microsystems 
Mountai n View. CA 
(415) 960-1 300 
http:\\www.sun.com\sparc\ 

design; they need expertise in compilers 
and overall system architecture as well. 
But a one-size-fits-all approach to CPU 
design-with the right mix of software 
and hardware to wring out performance 
for two different platforms-probably 
won't satisfy end users if Java applications 
become ubiquitous. 

If Java's platform independence and 
security features lead deve lope rs to 
embrace the language, users may be per
fectly happy with Java-specific systems. 
But if native-code applications continue 
to dominate the market, specialized Java 
chips may be of interest only in the world 
of low-power embedded devices. If) 

BYTE consulting editor Peter Wayner lives in 

Baltimore. You can reach him at pcw@access. 

d igex.net. 
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PC buyers face tough choices in 1997 as x86-chip vendors 
race to maintain their dominance. By Tom R. Halfhill 

The x86 Gets Faster with Age 
all it the year of megahurts. 
Rarely have PC users shop
ping for a new system faced 
so many microprocessor-in

duced headaches. And it won't end in 
1997; hotter competition, architectural 
transitions, and software factors will 
probably make users' decisions difficult 
for the next few years. Hibernation is not 
an option. 

While novices continue to blindly com
pare megahertz and megabytes, knowl
edgeable users will be juggling many 
more variables. These are outlined below. 

• Intel's fastest Pentium is cruising at 
200 MHz this fall, but due to inherent 
limitations of its aging architecture, it's 
barely faster than a Pentium-166. Also, 
the current P54C-series Pentiums don't 
recognize Intel's new MMX multimedia 
instructions. Early next year, Intel will 
address these problems by introducing 
the new P55C-series Pentiums. But the 
P55C is still a fifth-generation x86 pro
cessor that will appear at a crucial junc
ture when Intel is attempting to push the 
mainstream market toward the sixth-gen
eration Pentium Pro. 
• Lower prices and new system chip sets 
are making Pentium Pro-based desktop 
PCs more affordable. Unfortunately, the 
Pentium Pro isn't the best choice if you' re 
running 16-bit software, including Win
dows 95. Also, current Pentium Pros do 
not support MMX. Intel is readying a new 
P6-class processor, code-named Klamath, 
that improves 16-bit performance and 
supports MMX. But you'll have to wait 
for it until mid-1997 at the earliest, and 
the upgrade path for Pentium Pro users 
is muddy. 
• Cyrix's rejuvenated 6x86 handily beats 
a comparable Pentium, has no trouble 
with 16-bit code, and boasts the fastest 
I/O bus in the business. However, Cyrix 
can't match Intel's fastest core speeds, 
and the 6x86 doesn't support MMX. In 
addition, BYTE recently discovered that 
some revisions ofthe 6x86 suffer from se-

How to Pick a Chip 
If you want the best ••• 

16-bit 
perfonnance 

32-bit 
perfonnance 

16-bit 
perfonnance 

32-bit 
perfonnance 

Availabllly: 0 Now 0 Ealiy 1997 0 MId·I997 ll!ll late 1997 

Are you confused by all the different x86 chips that are coming 

soon? Here's how to find your way through the maze. 

rious performance problems when run
ning on Windows NT Workstation 4.0. 
• Cyrix plans to address all these issues 
early next year with an improved version 
of the 6x86, called the M2. But its MMX 
compatibility will be in question at first 
because Cyrix doesn't have a licensing 
agreement for the Intel technology. 
• AMD, still struggl;,lg with its disap
pointing K5 series, will finally ship a ver
sion that lives up to the company's early 
promises. But the K5 is hopelessly far be
hind the leading edge. In 1997, AMD's 
hopes will ride on the K6, which is sup
posed to support MMX and match or ex
ceed the performance of the Pentium Pro. 
After stumbling with the K5, AMD des
perately needs to win back the confidence 
of system vendors and users. 
• A new contender, International Meta 
Systems (IMS), claims that it will intro
duce a CPU that fits into Pentium sockets 
and approximates the performance of a 
Pentium Pro. IMS has made previous at
tempts to break into the x86 market, but 

those products never shipped. This time, 
IMS is taking a different approach (see the 
text box "IMS Rides Again with the Meta-
6000" on page 90). 
• Looming on the horizon is Intel's sev
enth-generation x86, known as the P7 or 
Merced. It will introduce a 64-bit x86 ar
chitecture. However, systems built with 
this chip probably will not appear until 
1998 at the earliest, so the Merced should 
not affect your near-term plans. 

Intel's Introductions 
To defend its high profit margins and to 
keep its huge wafer-fabrication plants 
busy, Intel must periodically abandon an 
older-generation CPU and steer the mar
kettoward the next-generation product. 
That's what will happen to the Pentium 
in 1997. Although the Pentium will re
main a high-volume product next year, 
Intel wants users to start thinking of the 
Pentium Pro as a mainstream CPU. Until 
now, Intel has mainly positioned the Pen
tium Pro for servers and workstations. 

continued 
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However, this predictable transition 
(which happens about every four years) 
is a little more confusing this time because 
Intel is simultaneously introducing MMX, 
an architectural enhancement that spans 
both generations (see "x86 Enters the 
Multimedia Era," July BYTE). Because 
MMX will debut with the Pentium, not 
the Pentium Pro, users who buy new sys
tems during the transitional phase will 
have to wrestle with a few more decisions. 

MMX will appear first in the P55C-se
ries Pentiums, which are scheduled to 
begin shipping in the first quarter of 1997. 
They have improved pipelines and twice 
as much on-board cache: 16 KB each for 
the primary instruction and data caches, 
compared to the 8-KB caches in previous 
Pentiums. As a result, the P55C will out
perform a regular Pentium at the same 
clock speed, even without MMX acceler
ation. Sources estimate the performance 
gain to be about 15 percent-an impor
tant point if you're comparing two sys-

, tems with different Pentiums. 
The P55C will likely debut at 200 MHz, 

but it may run as fast as 233 MHz. Unfor
tunately, upgrading to a P55C probably 
won't be as simple as plugging the chip 
into an existing Pentium socket. Although 
it's pin-compatible with existing sockets, 
Intel had to reduce the vo ltage so that 
the chip runs cool enough at higher clock 
speeds. Thus, you'll probably need a new 
motherboard for the P55C. 

Waiting for Klamath 
Astute users who want to postpone ob
solescence are looking toward the next 
generation: the Pentium Pro. Unfortu
nately, this chip has several problems. It 
bogs down under 16-bit software and 
won't supportMMX until after the P55C. 
It's also expensive, because it uses a mul
tichip module to incorporate a 256- or 
512-KB Level 2 (L2) cache in the same 
package with the CPU die. And it requires 
more costly system chip sets and six-lay
er motherboards. 

Intel's solutions are the Klamath and 
new chip sets. Intel isn' t talking about 
Klamath yet, but this P6-class chip will 
almost certainly eliminate the expensive 
multichip module. Intel will reportedly 
offer the Klamath on a small daughter
card that plugs into a special slot on the 
motherboard. The daughtercard would 
include the CPU and the L2 cache, and 
some daughtercard's may have sockets for 
multiple CPUs. 
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Only two companies besides Intel make 
leading-edge x86 processors: AMD 

and Cyrix. International Meta Systems (lMS), 
a small cornpany known for rogue CPU de
signs, thinks there's room for a th ird. 

IMS claims it will introduce an x86 chip in 
late 1997 that fits into Pentiurn sockets and 
delivers P6-level perforrnance. The CPU will 
adopt most of the techniques used by other 
fifth- and sixth-generation x86 processors, 
including deep pipelines, branch prediction, 
speCUlative execution, out-of-order execu
tion, scoreboarding, and rename registers. 
It will also recognize Intel's MMX multime
dia instructions, Unlike Intel's chips, howev
er, it w ill support concurrent floating-point 
(FP) processing by internally shadowing the 
FP registers instead of reusing them. 

It's difficult to judge the reliability of these 
claims.IMS has produced some language-

Getting rid of the multichip module 
would drastically reduce Intel's manufac
turing costs. It would also make it easier 
to upgrade a system, because users could 
swap daughtercards to get a faster CPU, 
more cache, or both. That's why Apple 
started using CPU daughtercards in its 
high-end Power Macs last year. 

But separating Klamath's CPU and L2 
cache could have some less desirable side 
effects as well. First, there's the question 
of performance. The Pentium Pro's L2 
cache is closely coupled to the CPU over 
a dedicated 64-bit bus that runs at the 
same clock speed as the core. It's an extra
ordinarily fast bus that contributes a lot 
to the Pentium Pro's superior 32-bit bench
mark results. Moving the L2 cache out 
of the package may force Intel to adopt 
a slower bus. If so, Klamath wou ld need 
a larger cache, higher clock speeds, and 
perhaps some additional enhancements 
to compensate for the loss. If Intel puts 
Klamath on a daughtercard, the bus that 
connects this card to the motherboard is 
another potential bottleneck. 

Faster Clocks 
In any case, Klamath will support MMX 
and probably include some modifications 
to enhance 16-bit performance. Higher 
clock speeds are a certainty, thanks to In
tel's new 0.28- and 0.25-micron CMOS pro
cesses. In 1997, these smaller processes 
will supersede the 0.35-micron BiCMOS 
process on which today's Pentiums and 
Pentium Pros are built. 

specific processors (for Smalltalk and FOR
TRAN) and is also working on a Java chip. 
But until now, the company has never com
peted against the big boys with an x86. In 
1992, IMS announced the 3250, a unique 
RISC chip with rewritable microcode that 
could emulate an Intel 486 or a Motorola 
68000. That chip never came out, although 
there were rumors that IMS licensed the 
technology to other companies. 

Is the Meta6000 another vaporchip? 
Could be, but don't forget the NexGen sto
ry, NexGen labored for eight years before 
shipping the Nx586 in 1994. And although 
the Nx586 never became popular, it was a 
respectab le design that beat AM D's and 
Cyrix's fifth-generation CPUs to market. Last 
year, AMD bought NexGen to obtain the 
sixth-generation Nx686, now called the K6, 
So don't diss IMS, 

Klamath will debut sometime in 1997 
at 0.28 micron, yielding a minimum clock 
speed of 200 or 233 MHz, going perhaps 
as high as 266 MHz. Later in the year, In
tel will phase in the 0.25-micron CMOS 
process. This will lead to a P6-class chip 
(code-named Deschutes) that should hit 
300 or 333 MHz. 

That'll be great for new buyers, but 
where does it leave the early adopters of 
the Pentium Pro? If Intel, as expected, 
discards the multichip module, Klamath 
almost certainly won't be compatible 
with existing 387-pin Pentium Pro sock
ets. Moving the L2 cache outside the pack
age onto an external 64-bit bus would 
require 72 more pins. The only alterna
tive would be to interface the L2 cache 
to the front-side I/O bus, but that would 
seriously impair performance. 

The bottom line: If Intel segregates the 
L2 cache, existing Pentium Pro systems 
probably won't be upgradable to Kla
math. The new chip wouldn't fit the old 
sockets, and the old motherboards don't 
have a daughter card slot. Intel has long
range plans for Pentium Pro OverDrive 
chips, but they probably won't appear 
before 1998. Pentium Pro users will end 
up swapping motherboards or buying a 
whole new system. 

On the bright side, those new moth
erboards and systems will cost less. New 
system chip sets from Intel and Silicon 
Integrated Systems (SiS) are slashing the 
cost of building a Pentium Pro system. For 
example, Intel's new 440FX chip set has 
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only three parts and costs less than half 
as much ($94) as the eight-part 450KX 
chip set found on many of today's Pen
tium Pro motherboards. And SiS offers a 
one-chip solution, called Archer, that 
costs only about half as much ($39) as the 
440FX. Moreover, these solutions work 
with four-layer motherboards instead 
of the six-layer boards required by the 
450KX. Although they sacrifice a few 
features-such as memory expandability 
and multiprocessor support-these com
promises are reasonable for desktop sys
tems priced in the $2000-to-$3000 range. 

Merced Mania 
Further out is Intel's seventh-generation 
x86, the mysterious P7/Merced. Merced 
will extend the 32-bit x86 architecture 
to 64 bits and introduce a new instruction 
set. This architecture, dubbed IA-64, 
will be backward compatible with the 
existing x86 architecture, just as the 32-
bit architecture of the 386 was compati
ble with the 16-bit 286, 8086, and 8088 . 

Although Merced is the fruit of Intel's 
partnership with Hewlett-Packard, it's 
looking less likely that IA-64 will radical
ly depart from today's x86 architecture 
by adopting very-long-instruction-word 
(VLIW) technology. Intel will probably 
take a more conservative approach by 
extending the microarchitecture of the 
Pentium Pro. Pure VLIW is the antithesis 
of Intel's current design track; the Pen
tium Pro optimizes the instruction stream 
during execution, while a true VLIW pro
cessor would shift that responsibility to 
the compiler at design time. 

The x86 Gets Faster with Age 

There's still plenty of performance to 
be gained by extending the Pentium Pro's 
"dynamic execution" core. Intel could ex
pand the reorder buffer, tweak the re
ordering algorithms, improve the branch 
prediction, add more execution units, 
boost the Level l (11) caches (which are 
relatively small) , and make other gener
al improvements that would legitimate
ly represent a seventh-generation design. 

If VLIW plays any role at all, perhaps 
Intel and HP have found a way to adapt 
some tenets of that philosophy to the x86, 
just as Intel has integrated some elements 
ofRlSC into the Pentium Pro. Or maybe 
a full-blown VLIW design will appear in 
a subsequent processor. 

Intel's alliance with HP also calls for 
Merced to run PA-RISC software. Some 
observers think this trick will require em
ulation, in either software or hardware. 
It would be useful to run PC applications 
on an HP workstation, but it's doubtful 
that the ability to run PA-RISC software 
on PCs would win significant additional 
market share for Intel. 

In any event, Intel is committed to a 
64-bit CPU that runs 16- and 32-bit x86 
software without emulation. Native IA-
64 programs will run faster than 16- or 
32-bit programs, but nobody-possibly 
not even Intel-knows exactly how much 
faster. 

Another unknown is how quickly the 
ind ustry will adopt IA-64. Remember, it's 
been 11 years since Intel went 32-bit with 
the 386 in 1985, and most PC users are 
only now migrating to 32 bits. Microsoft 
didn't ship a32-bit as until 1993, and the 

vast majority of PC users still use 16-bit 
Windows 3.1 or 16-/32-bit Win 95. Al
though Microsoft recently dropped some 
vague hints about a 64-bit Windows NT, 
the first 64-bit as for Merced will prob
ably be Summit 3D, a new flavor of Unix 
currently under development by HP and 
The Santa Cruz Operation (SCO). If the 
64-bit transition fo llows the same course 
as the 32-bit transition, then IA-64 won't 
be a significant market force until the 
year 2009. 

Cyrix Crystal Ball 
Mter a shaky start with the 6x86, Cyrix 
is finally gaining on Intel's price/perfor
mance lead. The first 0.6-micron ver
sion of the 6x86 suffered from a huge 
die. Cyrix switched to a process with five 
layers of metal instead of three, shrink
ing the die from 394 square millimeters 
to 210 mm2

• During the summer, Cyrix 
moved to a 0.5-micron process, achiev
ing a die size of 170 mm2

• 

Like an overweight athlete shedding 
excess fat, the 6x86 chip now runs a lot 
faster: 150 MHz instead of 100 MHz. And 
thanks to a more efficient microarchitec
ture, the 6x86 easily ou truns a Pentium 
at the same clock speed. In fact, the 150-
MHz 6x86 chip slightly outperforms a 
200-MHz Pentium, which is why Cyrix 
designates this chip the 6x86-P200+ in 
accordance with the P-rating benchmark 
(see the text box "The Problem with P
Ratings" on page 94). 

Recently, however, BYTE discovered 
that some 6x86-based systems have a seri
ous problem with the final-release can-

Here's what to expect from x86 vendors over the next year. (Note: Performance estimates and ship dates are BYTE's 
assumptions based on preliminary information from vendors.) 

Company CPU x86 generation MMX Availability Comments 

AMD K5 Fifth No Now Latest versions have significantly increased performance. 

AMD K6 Sixth Yes March 1997 Redesigned NexGen Nx686. 

Cyrix Gx86 Fifth No Now Highly integrated chip for low-cost PCs. 

Cyrix 6x86 Sixth No 011997 75-M Hz 1/0 bus is the fastest on any x86 chip. 

Cyrix M2 Sixth Yes 011997 Improved version of 6x86; M MX compatibility a challenge. 

IMS Meta6000 Sixth Yes Late 1997 Company has uncertain track record. 

Intel P54C Pentium Fifth No Now Dominates market; fastest speed is 200 MHz. 

Intel P55C Pentium Fifth Yes 011997 Slightly faster than P54C Pentium. 

Intel Pentium Pro Sixth No Now L2 cache in multichip module; poor 16-bit performance. 

Intel Klamath Sixth Yes Mid-1997 (?) Improved Pentium Pro; L2 cache probably separate. 

Intel Deschutes Sixth Yes Late 1997 Improved Pentium Pro; should reach 300 MHz. 

Intel P7/Merced Seventh Yes 1998-1999 (?) Highly secretive joint project with Hewlett-Packard. 
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IIOur competitors are solidly behind us." 

20-50% behind us, to be exact. 

• PCI, EISA and ISA 
• Upgradable to hardware RAID and caching 
• Bus-mastering with on-board processor 
• Support for all major operating systems 
• New: Ultra SCSI models now available 

Megabytes per sec. 

This chart from the May, 1996 issue of PC Magazine (UK) shows the results described in their 
review of SCSI adapters entitled "Survival of the Fastest': According to PC Magazine, 

"SmartCache IV was demonstrably quicker than the other two [boards tested}." 
(Adaptec 2940UW and BusLogic BT-958). 

Here's your chance to get ahead of the competition. Call for more information about 
SmartCache IV SCSI adapters and modules. You'll see why we say: SmartCache, Smart Choice! 
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1-800-860-4589 
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Distributed Processing Technology 

Circle 140 on Inquiry Card. 
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didate of Windows NT Workstation 4.0. 
We ran 32-bit Windows applications tests 
on a 6x86-P200+ system and then com
pared the results to those obtained on 
the same system with a beta version of 
NT 4.0. To our surprise, the tests ran about 
25 percent slower on the release candi
date of NT 4.0. The 6x86 also ran NT 4.0 
about 16 percent slower than NT 3.51 and 
24 percent slower than Win 95. In similar 
tests with Pentium-based. PCs, perfor
mance improved on the release candidate 
ofNT4.0. 

This problem might be related to some 
last-minute code that Microsoft added to 
NT to make it more stable on Cyrix-based 
PCs. Check The BYTE Site (http://www 
.byte.com) for the latest updates on this 
developing story. 

Another upcoming challenge for the 
6x86 is MMX. Cyrix was working on its 
own multimedia extensions when Intel 
unveiled MMX and announced a cross
licensing agreement with AMD. Cyrix 
doesn't have such a deal, but it promises 
that the next version of the 6x8 6-code
named M2-will be MMX compatible. 

The M2 is scheduled to start sampling 
in the fourth quarter of this year and then 
begin volume production during the first 
quarter of 1997. That means the M2 will 
be committed to silicon before Cyrix's 
engineers can get a close look at the P55C. 
To support MMX, they will have to rely 
on publicly available technical data from 
Intel-and perhaps some Texas windage 
as well. 

Cyrix says that it has indirect access to 

some Intel technology through its fab 
partners, IBM Microelectronics and SGS 
Thomson, which have licensing agree
ments with Intel. Cyrix also notes that it 
has a good track record of x86 compati
bility. Even so, MMX will be a question 
mark until independent parties get a 
chance to thoroughly test the M2. 

Klamath Competition 
The M2 will also move to a 0.35-micron 
process and beef up its unified L1 cache 
to an impressive 64 KB. M2 clock speeds 
will be 180 MHz and 200 MHz at intro
duction, with 225 MHz coming later in 
1997. In combination with other improve
ments, those clock rates should allow the 
M2 to beat a P55C and compete strongly 
against Klamath. 

Cyrix's biggest contribution to the PC 
industry might be a kick in the pants to
ward 75-MHzI/O buses. The6x86-P200+ 
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A MD and Cyrix will soon face a dilem
ma: How can they compare the perfor

mance of their processors to that of Intel's 
when the baseline keeps changing? 

Unti l recently, users could judge the rel
ative performance of two different x86 chips 
of the same generation by comparing clock 
speeds. CPU cores from AM D, Cyrix, and 
Intel were similar enough that performance 
didn't vary much-a 33·MHz 486 from one 
vendor was as fast as a 33-MHz 486 from 
a competitor. 

But as the x86 moves through its fifth and 
sixth generations, microarchitectures are 

P-Ratings vs. Clock Speeds 

-

standardize on Performance Ratings, abbre
viated as P-ratings by Cyrix and as PR-rat
ingsbyAMD. 

MicroDesign Resources, which publ ish
es the Microprocessor Report, acts as the 
independent testing lab. Cyrix'S 150-MHz 
6x86 is labeled the 6x86-P200+ because 
it matches or exceeds the performance of a 
Pentium-200; AMD's new 1 OO-MHz K5 is 
called the K5-PR133 because it's compa· 
rable to a Pentium-133. 

But P'ratings use today's Pentium as the 
baseline. When Intel introduces the P55C 
Pentiums in 1997, they're expected to per-

P·rating 
Clock speed (MHz) 

AMD KS·PRlSO* 

AMD KS·PRI33* 

AMD KS·PRI20* 

AMD KS·PRlOO 

AMD KS·PR90 

AMD KS·PR7S 

Cyrix 6x86·P200 

Cyrix 6x86·Pl66 

------~------ _. __ . 
Cyrix 6x86·PlSO 

Cyrix 6x86·Pl20 

Intel Pentium·200 -~ ------. ~ - - -- -.- -- - - --- -c 

Intel Pentium·166 

Intel Pentium·lSO 

Intel Pentium·l33 

Intel Pentium·l20 

o 50 100 150 200 

'Latest version of AMD K5 is faster than clock speed because of architectural improvements (see text). 

An x86-compatible chip rated at P-120 delivers 

performance comparable to that of a 120-MHz Pentium. 

diverging to the point where clock speeds 
are no longer valid, even for shorthand com
parisons. For instance, Cyrix's 150-MHz 
6x86 outruns a 200-MHz Pentium. 

Industry-standard benchmarks, such as 
SPEC95, are one answer, as are magazine 
benchmarks, such as the BYTEmark and 
Win Bench. But these tests typically yield 
measurements that don't directly compare 
different CPUs. (BYTEmarks are normalized 
to a Pentium-90 baseline, not relative clock 
speeds, although you could figure it out by 
doing a little math.) 

AM D and Cyrix prefer numbers that users 
can compare directly to Intel clock speeds. 
That's why they joined forces last year to 

form about 15 percent better than a regular 
Pentium at the same clock speed. Users 
might be confused: Which Pentium does 
the P-rating refer to? 

Then there's the Pentium Pro. Compar
isons to Intel's flagsh ip CPU will require yet 
another variation of the P-rating. 

Cyrix and AM D claim they're working on 
a solution. But knowledgeable buyers don't 
rely exclusively on vendors' performance 
claims, anyway. By collecting benchmark 
data from multiple sources-including the 
popular magazine benchmarks, which are 
freely available-expert users can reach their 
own conclusions, even if it takes a little more 
effort. 



Novotec 19" RAID System 

• 8 U-chassis 
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runs its core at 150 MHz and the I/O bus 
at an unprecedented 75 MHz. Until now, 
the fastest x86 buses topped out at 66 
MHz. That 14 percent improvement pro
vides a significant boost for I/O-intensive 
servers. 

Unfortunately, systems designers have 
trouble making 75-MHz motherboards, 
which is why nobody has done it until 
now. Only one system chip set (from VLSI 
Technology) currently supports the 75-
MHz bus. Without that chip set, the 6x86-
P200+ has to synchronize its bus at 50 
MHz, which bleeds so much performance 
that the chip no longer merits the P200+ 
designation. Maybe that's why Cyrix en
tered the systems business last summer; 
if you want to get a 6x86-P200+ system 
with a 75-MHz bus, you can buy one di
rectly from Cyrix. 

Cyrix is also working on an 83-MHz 
bus. That's nearly 26 percent faster than 
66 MHz and would certainly provoke 
server envy among rival vendors. Until 
chip-set makers and motherboard man
ufacturers catch up, however, these bus 
speeds are mainly a technical curiosity. It 

The x86 Gets Faster with Age 

will probably require the weight of Intel 
to shove the industry forward, and Intel 
hasn't publicly committed itself to speed
ier buses. 

In another interesting move, Cyrix is in
troducing a highly integrated chip that 
would allow consumer PCs to retail for 
$800. Tentatively called the Gx86, the new 
processor is based on a low-cost chip that 
Cyrix announced last year for notebook 
computers. If the $800 consumer PCs suc
ceed, Cyrix hopes to design a version for 
corporate intranets. Cyrix would posi
tion that chip as a CPU for low-cost, Win
dows-compatible network computers. 
(See the text box "Cyrix Gx86 for Dirt
Cheap PCs" at right.) 

AMDRoadMap 
Sometimes a design that looks great on 
paper falls flat in the real world. AMD's 
ordeal with the K5 wasn't quite as embar
rassing as the baggage-handling debacle 
at Denver's new airport, but it was bad 
enough. The K5 was supposed to bring 
AMD's chips within striking distance of 
Intel's top CPUs; instead, numerous prob-

lems have kept the K5 from seriously chal
lenging even the Pentium, much less the 
Pentium Pro. 

Despite the conventional wisdom that PC 
prices' go nowhere but down, entry-level 

computers have been stuck in the $1200·to
$1500 range for a decade and have actually 
doubled in price since the early 1980s. Now 
that IBM, Oracle, Sun Microsystems, and oth
ers are promoting economical network com
puters, some PC vendors are exploring ways 
to make sub-$1 000 systems without sacrific· 
ing Windows compatibility. 

Intel is taking a wait-and·see attitude. Cyrix, 
however, is jumping in with the Gx86, a highly 
integrated, low-cost PC-on-a·chip that allows 
a full-featured system to sell for about $800. 
Buyers would get a PC with Pentium-1 20 or 
Pentium-133 performance, 16 M B of RAM, a 
hard disk, a six-speed CD-ROM drive, a mo
dem, and input devices. 

To make this possible, the Gx86 integrates 
several functions that normally require extra 



Now the K5 is back on track. It's too late 
for the chip to gain the leading edge, but 
it can still compete against the Pentium for 

desktop pes costing under $2000 . Cur
rently, AMD is shipping the K5 at three 
speeds: 75 , 90, and 100 MHz. They close-

ly match Pentium performance at equiv
alent clock rates, earning them P-ratings 
of PR75 , PR90, and PR100, respectively. 

The Gx86 integrates components that normally need separate 

chips and eliminates the frame buffer and level 2 cache. 

chips. It has built· in SVGA graphics, a PCI inter· 
face, and 1 6·bit Sound Blaster emulation. It also 
has a unified memory architecture (UMA), which 
buffers the screen data in main memory instead 
of in a separate frame buffer. U MA can degrade 
performance, but Cyrix says the Gx86 avoids this 
by integrating the video logic with the CPU. 

The CPU core is a stripped·down version of 
the Cyrix 6x86. It sacrifices superscalar p ipe· 
lines and speculative execution but still predicts 
branches and retains a 16-KB cache. Although 
the Gx86 probably would not do as well as a 
Pentium·120 or Pentium-133 when running a 
CPU-level benchmark, Cyrix claims the efficien
c ies of high integration allow the chip to deliver 
that level of overall system performance. (BYTE 
has not yet tested these claims.) 

Cyrix expects to introduce the chip by the end 
of this year and says that several "top-tier" system 
vendors will ship Gx86-based PCs in early 1997. 

POWERED By MOTOROLA :"' 

People take their computers personally. Which is why every award-winning PowerCenterTh
' Mac OSTM system from Power Computing is 

designed to be customized by its end user. Priced under $2K, these high-perfonnance systems can be configured in an infinite number of ways. 

Yet, every one of them attains its speed and power from an identical source. Motorola PowerPC 604™ RISC microprocessors are the oomph! that help PowerCenter 

computers live up to their name. From custom-configured computers to reloadable stored-value cards, Motorola powers innovative solutions that enable your success. 

Visit us at http://www.motorola-powered.com/or caUl-800-S21-6274 (Ref. #996). ® MOTOROLA 
Semiconductor Products Sector 

What you never thought possible.™ 



The next versions of the K5-which 
are scheduled to ship in September or 
October-are supposed to live up to the 
K5's original specifications, which called 
for 20 percent to 30 percent greater per
formance than a Pentium running at the 
same clock speed. The new chips run at 
90 and 100 MHz but carry P-ratings of 
PR120 and PR133, respectively. 

To attain these higher P-ratings,AMD's 
engineers tweaked the K5 chips's core in 
several ways. First, they optimized the 
KS's execution ofcertainx86 instructions 
(e.g., repeat MOVs and far CALLs) that 
occur more often in real-world software 
than AMD's simulations had predicted. 
Next, they added a small prefetch cache 
in front of the L1 instruction cache. This 
fixed a problem that arose when the 
K5's prefetch logic aborted a cache fill in 
order to follow a branch to a new target 
address; if the program later branched 
back to the original instruction stream, 
the K5 had to fill the cache all over again. 
The new prefetch cache temporarily 
holds the cache lines to prevent a slow 
memory transaction. Finally, AMD elim-

The x86 Gets Faster with Age 

inated some internal bus bottlenecks. 
According to AMD, the K5 now runs 

about 30 percent faster than an equiv
alently clocked Pentium. (BYTE has not 
yet confirmed these claims.) In Novem
ber or December, AMD plans to start ship
ping a 120-MHz version of this core, 
which would yield an equivalent Pentium 
performance ofpR150. Even faster cores 
may appear in 1997. 

Pinning Hopes on the K6 
With Intel ramping up the P55C, Pentium 
Pro, and Klamath, ISO-MHz performance 
will keep AMD firmly stuck in the num
ber-two spot-or at number three, be
hind Cyrix. Clearly, AMD's future hopes 
ride on its next-generation product, the 
still-evolving K6 processor. 

Here, too, the road to glory has been 
rocky. As originally designed by NexGen, 
the K6 was supposed to have a dedicated 
bus for the L2 cache, an integrated L2 
cache controller, and a new execution 
unit for multimedia instructions. It was 
also going to be manufactured by IBM 
Microelectronics, NexGen's fab partner. 

When AMD acquired NexGen in late 
1995, those plans abruptly changed. 

For the past year, AMD engineers have 
been modifying the K6 to make it com
patible with MMX. This could require 
some major changes. The original K6 in
cluded a special multimedia execution 
unit, while Intel's MMX instructions are 
integer operations designed to execute in 
the regular integer units. It's possible that 
AMD will replace the multimedia unit 
with another integer unit, which would 
improve the K6's performance with non
MMX code, too. 
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http://www.amd.com 
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Another significant change is that the 
K6 will be pin-compatible with P54C-se
ries Pentium sockets. The original Nx686 
had a proprietary pin-out that required 
special system chip sets, a disadvantage 
that stunted the sales of NexGen's ear
lier Nx586 processor. Pin compatibility 
with Pentium sockets opens up a more 
lucrative market for the K6. Unfortunate
ly, it also forcesAMD to abandon the K6's 
high-speed L2 bus and integrated cache 
controller, because Pentium sockets don't 
support those features. To compensate, 
the K6's L1 caches now total 64 KB, com
pared to 32 KB for the Nx586. 

Finally, engineers are reworking the K6 
so that AMD can manufacture the chip 
at its new Fab 25 in Austin, Texas. The 
K6 will debut on AMD's 0.35-micron, five
layer-metal CMOS process, migrating lat
er to 0.25 micron. 

In an importan t move, AMD has li 
censed an advanced pad-bonding tech
nology, called C4, from IBM Microelec
tronics. On most chips, the wires leading 
to the pins are soldered onto tiny pads 
crowded along the edges of the die. C4 

technology allows circuit designers to dis
tribute those pads anywhere on the die. 
This gives the designers more flexibil 
ity and also shortens the chip's critical 
paths, yield ing higher performance. In 
addition, when the chip migrates to small
er processes, C4 prevents it from becom
ing "pad-limited" - AMD won't have to 
hold the die at a certain size just to leave 
room for the pads. 

AMD says it will begin sampling the 
K6 late this year and start production in 
March. The K6 will debut at 180 MHz and 
support bus speeds as high as 75 MHz. 
AMD is sticking to NexGen's original per
formance estimates for the Nx686, claim
ing that it will be "competitive" with the 
Pentium Pro when running 32-bit soft
ware and considerably faster with 16-bit 
code. If AMD can deliver on those prom
ises- admittedly, that's a big if-the K6 
will help close the performance gap that 
widened when the K5 missed the target. 

Look Before You Leap 
In a transitional year like 1997, purchas
ing decisions will be more critical than 

ever. It's not as simple as buying the fastest 
Pentium. 

If multimedia matters, you should wait 
for MMX. If you want to get the best pos
sible performance with 32-bit software, 
then wait for Klamath or even Deschutes. 
If you're running a great deal of 16-bit 
software (especially on Windows 3.1 or 
Win 95), wait to see how well Klamath 
and Deschutes address the Pentium Pro's 
16-bit weaknesses- or consider getting 
a Cyrix or AMD chip. If you crave the 
fastest possible bus for an I/O-intensive 
server, the Cyrix 6x86-P200+ is the only 
game in town. 

You can shop for bargains, too. There 
will be markdowns on regular Pentium 
systems after MMX appears and while 
Intel pushes the Pentium Pro as the next 
mainstream CPU. There's nothing wrong 
with buying a system that isn't top-of
the-line-as long as you know what you 
are getting. Ii) 

Tom R. Halfhill is a BYTE senior editor based 

in San Mateo, California. You can reach him at 

tha lfhi ll @bix.com. 
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System Performance 
Microway understands the importance of 
balancing a fast CPU wi th equa lly fast 
caches, memory and peripherals. To achieve 
balanced performance, the Screamer fea
tures the fastest cache/memory system in the 
industry, employing 1 to 

2 MB of 9 nsec burst 
SRAMs fed by a 288-bit 
wide memory system. Its 
64-bit PCI bus is driven 
by a state-of-the-art 
Digital chip set that feeds 
32- and 64-bit PCI sock
ets. To take advantage of these resources, 
Microway installs the best graphics and hard 
disk controllers available, including control
lers appropriate for 2 and 3D Graphics 
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uler has a number of features that make it easy to take advan
tage of the Alpha's quad-issue capability. Running on a 500 
MHz 21164 that bursts at 1 gigaflop, a dot product kernel we 
use for compiler testing runs at a mind-boggling 844 
megaflops!!! For a complete description of the optimization 
facilities provided by NDP Fortran or C++, our Screamer 
Systems and motherboards call 508-746-7341 or visit our 
WEB Site at: http://www.microway.com. 
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Stung by Intel's gains in processor performance, the PowerPC alliance will strike 
back with higher clock speeds and new chip designs. By Tom R. Halfhill 

PowerPC Regroups 
on't count your megahertz 
before they're hatched. 
That's what the PowerPC 
alliance has learned after pre

rpaturely gloating over the imagined 
obsolescence of Intel's x86. 

One famous advertisement from 1992 
showed how CISC performance was 
~alling flat while RISC technology soared 
t;oward the SPECint stratosphere. Anoth
er ad warned about the coming fate of 
x86 -based PCs by picturing a highway 
running smack into a brick wall. 

Somehow, things didn't work out that 
way. Intel's Pentium and Pentium Pro 
have not only managed to keep the 18-
year-old x86 architecture competitive; 
they have at times surpassed the perfor
mance of leading RISC chips, including 
the PowerPC. Apple fulfilled its promise 
to sell millions of Power Macs, but sys
tern-level limitations have foiled Apple's 
attempts to exploit the full potential of 
the PowerPC chips . IBM fumbled the 
introduction of its own PowerPC desk
top systems and embarrassingly failed to 
port OS/2 to PowerPC. And four years 
after the PowerPC's birth, the alliance is 
only now finalizing the PowerPC Refer
ence Platform for clone makers. 

If the PowerPC is to retain any credi
bility as an alternative to the x86, the 
alliance must deliver a steady stream of 
faster chips and a viable system standard 
that attracts big-volume vendors. In 1997, 
Motorola and IBM will roll out faster ver
sions of current PowerPC chips, intro
duce a new generation of 32- and 64-bit 
processors, accelerate the development 
of future CPUs, and oversee the debut of 
PowerPC Platform systems that can run 
the Mac OS, Windows NT, and Unix. 
With Intel running full speed toward 300-
MHz Pentium Pros and the 64 -bit 
Merced, 1997 could be the PowerPC's last 
shot at glory. 

The Indy 300 

One measure of the Power PC's compet
itiveness will be its ability to break the 

PowerPC Roadmap 
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PowerPC designers need to achieve 300 MHz next year to stay 

in the performance race with the x86. 

300-MHz barrier. Digital's exotic Alpha 
did it more than a year ago, but CPUs for 
mainstream desktop systems are only 
now creeping beyond 200 MHz. By the 
end of next year, we should see 300-
MHz chips from Intel, IBM, Motorola, 
and probably Exponential Technology, a 
Silicon Valley startup that will ship the 
first PowerPC processor built with bipo
lar transistors (see "Exponential's Bid to 
Beat the Pack," page 104). 

CPUs capable of attaining 300 MHz 
include Intel's Deschutes (a Pentium Pro 
variant), the PowerPC 603e, and the Pow
erPC 604e. At 300 MHz, the 603e and 604e 
will offer about five times the perfor
mance of the first PowerPC 601, which 
ran at 60 MHz. 

Of course, raw clock speeds are no 
longer an adequate way to compare 
processor performance, especially 
between two architectures as disparate as 
the x86 and PowerPC. However, clock 

speeds do indicate which companies have 
the most advanced wafer-fabrication 
processes and speed-tuned microarchi
tectures. Intel designed the super
pipelined Pentium Pro for high clock 
speeds to exploit its lead in building new 
fabr ication plants (fabs). But IBM and 
Motorola are no slouches in this catego
ry, either. The PowerPC 604e hit 225 MHz 
last summer while Intel's chips were stuck 
at 200 MHz, and Mac clones running at 
225 MHz and 240 MHz have been avail
able for several months now from Pow
er Computing. Even at 200 MHz, the 604e 
outguns Intel's fastest x86. 

As part of their plan to carry the Pow
erPC architecture into the twenty-first 
century, IBM, Motorola, and Apple have 
forecast three generations of chips that 
will run at even higher clock speeds. They 
refer to these generations as G3, G4, and 
2K. (The 601 is considered the first-gen
eration PowerPC because it was a hybrid 
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PowerPC Regroups 

Company CPU PPC Feature Size Analysis 
Generation (micron) 

IBM/Motorola 601 1 st 

IBM/Motorola 603 2nd 

IBM/Motorola 603e 2nd 

IBM/Motorola 604 2nd 

IBM/Motorola 604e 2nd 

IBM 615 Unknown 

IBM/Motorola 620 2nd 

Exponential Bipolar 2nd 
IBM/Motorola G3' 3rd 

IBM/Motorola G4' 4th 

IBM/Motorola 2K* 5th 

*Code names for a series of chips in the same generation 

chip based on IBM's POWER archi tecture 
and Motorola's 88110; the PowerPC 603, 
603e, 604, 604e, and 620 are more mature 
designs that comprise the second gener
ation.) All future generations will be com
patible with today's PowerPC software. 

The most significant departure from 
the alli:;lllce's original strategy, as first 
mapped out in 1991, is that the new pro
jects are going forward concurrently, so 
the development work on each genera
tion overlaps work on the previous gen
eration. This is similar to the accelerated 
development schedule at Intel, where 
independent teams are working on new 
x86 generations simultaneously. 

To make this possible, the PowerPC 
alliance has expanded its Somerset lab (a 
shared design center in Austin, Texas) by 
50 percent. In addition, IBM and Motoro
la are working on PowerPC projects at their 
own labs in Texas, Vermont, and else
where. New designs can emanate from any 
of these labs, and IBM and Motorola share 
manufacturing rights to any PowerPC 
chips they jointly develop. 

Future Generations 
The G3 series is scheduled to arrive in 
mid-1997 with a CPU that will run at 
about 200 MHz on 0.35-micron CMOS. 
This chip has already taped out and is 
available in samples. Later G3-series chips 
will migrate to a 0.25-micron CMOS pro
cess, and clock speeds will scale upward 
to about 400 MHz, according to Will 
Swearengin, PowerPC product manager 
at Motorola. The fastest G3 chips will run 
about 10 times faster than the original 
PowerPC 601, he estimates. 

Some chips in the G3 generation will 
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0.5 Phasing out Maximum clock speed limited to 120 MHz 

0.5 Now Smaller caches, slower clock than 603e 

0.35 Now Exceptionally low power consumption 

0.5 Now Smaller caches, slower clock than 604e 

0.35 Now Outperforms Pe!1tium Pro at ~ame clock speed 

Unknown Never Dual PowerPC / x86; project probably canceled 

0.35 1997 Disappointing performance delayed introduction 

Unknown 1997 Unique hybrid of bipolar logic and CMOS cache 

0.35-0.25 1997 32- and 64-bit chips; up to 30 million transistors 

0.25-0.18 1999 32- and 64-bit chips; up to 50 million transistors 

0.18 2000- 2001 Good bet to break 1 -G Hz barrier 

be 32-bit processors, while others will 
be 64-bit implementations based on the 
620. Presumably they will improve on the 
620, whose performance has been dis
appointing. A year ago, in fact, there were 
rumors that the 620 would be killed. 
Those rumors were greatly exaggerat
ed, says IBM PowerPC product manager 
Dave Ryan; the 620 was merely delayed 
until a better process technology was 
ready. Instead of making its debut on a 
0.5-micron process at 133 MHz, the 620 
will appear next spring on a 0.35-micron 
process at 200 MHz. So far, only Motoro
la and Groupe Bull are committed to 
making 620-based systems. 

Some G3-series chips will inherit the 
128-bit backside bus that the 620 uses to 
address its secondary (level 2) cache. Oth
ers may have integrated L2 cache con
trollers, multichip module L2 p'<lckaging 
(like the Pentium Pro), or integrated L2 
caches (like the Alpha). A strong clue that 
IBM and Motorola are thinking about 
integrated or closely coupled caches is 
that transistor counts in the G3 series will 
soar as high as 30 million, nearly an order 
of magnitude greater than the number of 
transistors in today's PowerPC chips. 
It's unlikely that the chip architects will 
design logic circuits requiring so many 
transistors in this generation; bigger 
caches are a virtual certainty. 

In 1999, IBM and Motorola plan to 
introduce the G4 generation, which will 
first appear at about 500 MHz on 0.25-
micron CMOS. Later, the G4-series chips 
will graduate to 0.18-micron CMOS, 
which should enable clock speeds 
approaching 1 GHz (1000 MHz). Tran
sistor counts will range as high as 50 mil-

lion-again, mostly cache, not logic. 
Some G4 chips will be 32-bit, but most 

will probably be 64-bit. Users probably 
won't realize the full benefit of 64-bit 
architectures until OS vendors and appli
cations developers rewrite their software 
to take advantage of the wider architec
tures. Even then, I/O-intensive applica
tions such as databases probably stand to 
gain more performance than mainstream 
desktop applications. 

Even the 32-bit versions of the G4-
series processors will match or exceed the 
performance of Intel's 64-bit Merced, 
Motorola's Swearengin claims. G4 chips 
will be available in mainstream desktop 
systems immediately after introduction, 
he says. (Intel's pattern is to introduce a 
new x86 generation in servers and high
end workstation PCs, then phase in the 
lower-priced desktops later.) 

Both IBM and Motorola maintain 
that the PowerPC will weather the 32- to 
64-bit transition better than the x86 . 
Intel's Merced will introduce a newarchi
tecture, known as IA-64, that almost cer
tainly will require developers to recom
pile their software to get maximum 
performance (see "The x86 Gets Faster 
with Age," page 89) . Although PowerPC 
developers face a similar transition, it may 
be a little smoother simply because the 
PowerPC carries less architectural bag
gage. For example, x86 users will expect 
a 64-bit x86 to be backward compatible 
with 16- and 32-bit software dating as 
far back as 1981, while the PowerPC start
ed life as a modern 32-bit architecture in 
the 1990s. Of course, there's no way to 
verify any of these claims until the end 
of the decade. continued 



Now you have a probLem. 

Bad power can 
corrupt all the files 
on a UNIX system. 

And that's not all. Power 
problems can also cause net
work and hard drive crashes, 
read/ write errors, corruption 
or loss of data, faulty data 
transmissions, system lock
ups, premature failure of 
components and more. 

Best Power products are your 
answer. They clean up dirty 
power before it reaches your 
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equipment, which can reduce 
your computer and network 
downtime up to 80%. * And 
if you have a blackout, they 
provide backup power to shut 
down your system correctly. 

And now, every Best Power 
Single-Phase UPS comes 
with free software, pro
viding power monitoring 
and unattended shutdown 
for your entire computing 
environment. 

So call Best Power for your 
power protection answers. 

Internet: http://www.bestpower.com 

Dubai: +9714484645 
Gerrnany: +49913177700 
Italy: +39 2 6600661 
Switzerland: +41 562019595 
UK: +44 1962844414 

* A five-year power quality study 
conducted by Best Power's National 
Power Laboratory showed that the 
number of calls for computer service 
dropped 82% ,after installation of a UPS . 
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Power. 

Best 510 Uninterruptible Power Systems 
(Includes Free Software) 
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In 2000 or 2001, IBM and M otorola 
plan to introduce their fifth-generation 
PowerPC series, code-named 2K. The 
alliance is saying very little about this 
long-range project. If process technolo
gy stays on track, the 2K series will pre
miere at 0.18 micron and the bestfabs will 
be moving toward feature sizes of 0.15 
micron or smaller. That should yield CPUs 
with as many as 100 million transistors 
and clock speeds exceeding 1 GHz. When 
combined with further architectural 
improvements, the result should be 
microprocessors that run at least 10 times 
faster than today's CPUs. 

No MMX or Java 
Neither IBM nor Motorola acknowledge 
any plans for additional multimedia sup
port in the PowerPC architecture. Intel, 
of course, is adding 57 new MMX instruc
tions for multimedia to the x86 architec
ture next year. Multimedia enhance
ments are less imperative for the PowerPC 
architecture, which already includes 
some RISC instructions that duplicate 
MMX instructions. BYTE's tests show that 
PowerPC chips have overall better inte
ger performance than x86 chips, and 
there's no context-switching penalty 
when the PowerPC mixes multimedia 
with floating-point operations, as there 
is with MMX. IBM and Motorola argue 
that the architecture of the whole system, 
not just the CPU, is the most important 
factor in multimedia performance. 

Up to now, the vast majority of Pow
erPC-based systems have been Power 
Macs. Next year, however, PowerPC sys
tems will undergo a major transition to 
the new PowerPC Platform. This is the 
system architecture for all future Power-

Apple Computer 
Cupertino, CA 
(40B) 996-1010 
http://www.apple 
.com 

info@exp.com 
http ://www.exp.com 

Motorola 
Microprocessor 
Group 

IBM Austin. TX 
Microelectronics (BOO) B45-MOTO 
Fishkill, NY fax: (512) 244-9222 
(BOO) IBM-3333 motorola@selectnet 
askibm@www.ibm.com.com 
http://www.chips.ibm http://www.mot.com/ 
.com/products/ppc/ SPS/General/chips.html 
index.html 

Exponential 
·Technology 
San Jose, CA 
(408)441-6050 
fax: (40B) 441-6051 

PowerPC News 
RimaTech 
http://www.rimatech 
.com/html/ppcnews 
.html 
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PowerPC Regroups 

Exponential Technology, a start-up com
pany based in Silicon Valley, stands a 

good chance of breaking the 300-M Hz bar
rier before the b ig names in the PowerPC 
alliance. Exponential is pinning its hopes on 
bipolar transistors, which can switch states 
much faster than conventional CMOS tran
sistors; faster switching means higher clock 
speeds. Exponential's PowerPC 604-com

patible chip (blessed with licenses from IBM 
and Motorola) uses bipolar transistors for 
almost all the logic, or about 40 percent of 
the chip's ci rcuitry. The remain ing 60 per
cent of the transistors are CMOS, mostly in 
the SRAM caches. 

This radical new processor is on sched
ule to ship in the first half of 1997, the com
pany says. Exponential estimates peg initial 
clock speeds at 300 to 400 M Hz, with 500 
MHz a possibility by the end of next year (see 
"Watch Out: 500-MHz PowerPCs Planned 
for 1997;' May BYTE, page 40). 

Even more intriguing is a little-known U.S. 
patent Exponential won last January. 
Exponential won't talk about the patent, but 
it covers a tech nique for sharing a CPU's 

PC systems, including Macs, Mac clones, 
and machines that run Windows NT and 
Unix. Although you might expect that a 
brand new system architecture would 
offer much better performance than the 
older x86-based PC architecture, it's not 
guaranteed. The PowerPC platform car
ries some baggage from both the existing 
PC architecture and the Mac because it's 
designed to work with industry standard 
PC components and Mac peripherals. It 
remains to be seen whether this baggage 
will compromise performance. 

Likewise, it's too early to tell whether 
Java will become important enough to 
justify modifications to the PowerPC 
architecture. Sun is betting heavily on 
Java with a line of dedicated Java chips
but then, Sun invented Java. Another 
major chip vendor (which gave BYTE this 
information on a confidential basis) is 
planning to enhance its CPU architec
ture with new instructions that improve 
Java performance. Other chip makers are 
waiting to see if Java becomes a signifi
cant market force or fizzles out like a fad. 

Turnaround: 1997? 
Since the PowerPC alliance came togeth
er in 1991, it has largely kept its promise 
to offer microprocessors at roughly twice 

registers between two different instruction 
sets. This seems to indicate that Exponential 
is working on some kind of emulation tech
nology. Could th is be the spiritual descen
dant of IBM's PowerPC 615, which was 
supposed to run x86 software at native 
speeds? Sources say the 615 project is 
dead, but maybe Exponential is taking a dif
ferent approach. 

Another possibility is that Exponential is 
trying to integrate hardware support for 
680xO emulation in a PowerPC chip. Pre
sumably the goal would be to run older 
Macintosh programs much faster than the 
software-based 680xO emulator that Apple 
built into the Mac OS. (Apple is a major 
investor in Exponential.) This theory seems 
less likely because the most important Mac 
software has already been ported to the 
PowerPC, and a bipolar CPU that runs at 
300 to 500 MHz wouldn't need hardware 
assistance to emulate 680xO software faster 
than a 68040 cou ld run it natively. 

For an in-depth report on how Exponential 
plans to achieve this speed breakthrough, 
see our exclusive coverage next month. 

the price/performance ratio of Intel's 
x86-in other words, twice the perfor
mance at a comparable price, or compa
rable perfon;nance at half the price. But 
the alliance has failed to even dent the 
x86's overwhelming market share. 

Indeed, it's possible that the most sig
nificant impact of the PowerPC has been 
to prod Intel into accelerating its research 
and development . Ironically, Intel 
seemed to take the PowerPC more seri
ously than almost anyone else. As a result, 
the x86 is still highly competitive and far 
from obsolete. The PowerPC is the best
selling RISC architecture on the desk
top, but almost all PowerPC systems are 
Power Macs, and App le has less than 9 
percent of the market. 

The long-awaited PowerPC Platform 
is the best bet for a turnaround. After 
inexcusable delays, it's finally ready to 
open up the Mac clone market and pro
vide a common hardware platform for 
multiple OSes. Although the PowerPC 
stands little chance of dethroning the x86, 
the alliance can at least do a better job of 
running in second place. Ii) 

Tom R. Halfhill is a BITE senior editor based 

in San Mateo, California. Youcanreachhimat 

thalfhill@bix.com. 
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Inside the NC 
Are network computers just stripped-down terminals? No way. 

The official NC platform definition covers everything from a set-top box to a Cray. 

By Peter Wayner 

.. --.. e suspicious when someone denounces network com

B puters as being just dumb terminals: Either they don't 
know what they're talking about, or they're hoping 

" __ II you don't. 

A network computer may indeed be a dumb terminal. It 
may even be a dumb terminal that runs Windows and applica
tions faster than your PC does. Or it could be a conventional PC 
or Macintosh. It could be an under-$500TV set-top box or amil
lion-dollar Cray supercom
puter. It could be a desktop 
system tethered to a LAN or 
even a mobile notebook 
computer with a modem. A 
network computer can be 
any of these things because 
it's a unique platform that 
doesn't specify the type of 
hardware, CPU, or OS it sits 
on. Instead, it defines an 
open client model centered 
around familiar Internet 
standards and Java. 

If this description of a 
network computer conflicts 
with what you've heard 
elsewhere, keep in mind 
that some people (and com
panies) who apparently feel 
threatened by this comput
ing model appear to be 
spreading disinformation. 
Other sources are merely 
uninformed. Most of all, 
many companies today toss 
around the term "network 
computer" rather loosely, 
along with other terms such 
as Internet appliance, Web 
PC, browser box, and net
top box (see "Inside the Web PC," March BYTE cover story). 

"Network computer" can be used as ageneric term like "per
sonal computer" or "pc." It can also refer to a specific platform 
standard, just as "PC" often refers to the standard originated by 
IBM with its Personal Computer in 1981. This article examines 
the specific network computer platform defined by a loose 
alliance of companies led by Oracle, Sun Microsystems, IBM, 
Apple, and Netscape. In fact, Oracle has trademarked the names 
"Network Computer" and "NC" and has spun off a new com
pany called Network Computer Inc. This group's official NC 

standard encompasses a wide variety of computing devices for 
business, education, and home markets. 

Defining the Standard 
Oracle's vision has two parts. First is the NC Reference Profile. 
Only computers that offer all the features in the profile can wear 
the designation "NC." A test suite of] ava applets and documents 
will allow any manufacturer to verify compliance and earn the 

designation. Numerous 
hardware and software 
companies are supporting 
this profile. (See "What It 
Takes to Make a Network 
Computer," page 108.) 

In addition, Oracle's 
Network Computer sub
sidiary is developing and 
marketing a software pack
age called the Oracle NC 
System Software Suite. It 
includes a microkernel OS 
known asNCOS, Sun'sJava 
application environment, a 
Java-enabled Web browser, 
Macromedia's Director 
player, Oracle's Media 
Objects player, and addi
tional software. A company 
that wants to sell an NC with 
a minimum of fuss could 
simply license t his suite 
from Oracle and ship it 
along with the Nc-compli
ant hardware (see "Oracle 
NC System Software Suite," 
page 108). 

The NC Reference Pro
file is not a radical docu
ment. It's just a list of what 

a system has to offerto make the cut. The MacI'm using to write 
this article satisfies all the requirements because I've installed 
Eudora, Netscape Navigator, and Sun's Java Developer's Kit. 

The NC basic hardware require~ents are simple: a 640- by 
480-pixel screen, a pointing device, some provision for text input, 
and audio output. A hard disk, floppy drive, or other form of 
persistent local storage is optional. There must be a network con
nection that can carry IE-packets, but the channel is flexible : You 
can use an ordinary analog modem, a cable modem, a wireless 
modem, ISDN, or a LAN. continued 
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The softwarerequirements are equal
ly conservative. NCs must communicate 
over a network using standard IP proto
cols: TCP, User Datagram Protocol (UDP), 
Dynamic Host Configuration Protocol 
(DHCP), Bootstrap Protocol (Bootp), and 
Simple Network Management Protocol 
(SNMP). If users store their data remote
ly, Sun's Network File System (NFS) will 
be the standard method for mounting 
remote drives. Optionally, NCs can sup
port remote connections to other systems 
via FTP or Telnet, and they can establish 
secure connections via Secure Sockets 
Layer (SSL) . 

Some of these protocols are probably 
less familiar than others. UDP allows NFS 
to set up end-to-end application-specific 
communications. Bootp enables an NC to 
boot over a network. DHCP allows an NC 
to automatically acquire an IP address and 
send configuration data over the network 
when it boots. SNMP ensures that NCs will 
act like well-behaved clients on man
aged networks. 

The key requirement in the profile is 
the ability to read and interpret Hyper
text Markup Language (HTML) docu
ments through the Hypertext Transfer 
Protocol (HTTP). In other words, the NC 
must run a Web browser. For now, the NC 
Reference Profile doesn't specify which 
version of HTML or which tags are 
required. To exchange e-mail, NCs will 
use a collection of well-understood mail 
protocols that dominate the Internet: 
Simple Mail Transfer Protocol (SMTP), 
Internet Message Access Protocol version 
4 (IMAP4), and Post Office Protocol ver
sion 3 (POP3). 

In addition, NCs must recognize the 
most common multimedia formats 
encountered on the Internet: ]PEG and 
GIF graphics and WAY and AU audio 
files . Still to come are recommendations 
for sending output to printers. 

Must Have Java 
Perhaps the most fundamental require
ment is that NCs must support the Java 
application environment, which includes 
the Java virtual machine (VM), the Java 
run-time interpreter, and the standard 
J avaclass libraries. There's nothing to pre
vent an NC from also running software 
written for Windows, MS-DOS, the Mac 
OS, Unix, OS/2, or any other OS. But at 
minimum; it must run Java. 

In fact, there is no description of the 
Os layer at all in the NC Reference Pro-
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Network Computer Architecture 
Applets always 
run within a 
browser. 

Stand-alone Java 
applications cannot talk 
directly to the OS or CPU. 

Native applications can 
talk directly to the OS 
and CPU, but at the 
expense of portability. 

Browser may be 
a native 
application or 
written in Java. 
Browsers 
written in Java 
run only atop 
the Java virtual 
machine. 

OS layers are 
interchangeable 
without breaking 
Java applications 
or applets. 

OS subsystems 
(including network protocols) 

CPU is 
interchangeable 
without breaking 
Java applications 
or applets. 

Operating system 

CPU 

The Network Computer Reference Profile is based on an 

architecture not chained to specific hardware or operating system. 

file. Theoretically, you could use CP/M or 
MVS if they supported the Java VM. In 
practice, however, there are some prob
lems. For example, Java programs can 
be multithreaded, even though some OSes 
that support the Java VM are single
threaded. Currently, the behavior of mul
tithreaded code varies from system to sys
tem because some OSes, like Windows3.1, 
don't do a good job of supporting multi
ple threads. Others, like the Mac OS, do 
a reasonable job but don't offer preemp
tive switching with various priority lev
els. The best Os for an NC is one that offers 
full-fledged preemptive multithreading. 

Above all, the OS must maintain a 
TCP/IP stack so the NC can communicate 
with the outside world. Other Os func
tions take a back seat- even file man
agement and the user interface. In fact, 
there's no special GUI for an NC; in the 
absence of anything else, the Web brows
er can act as the GUI. If the user requests 
a file directory of a local or remote drive, 
the Os can format the directory listing 
into HTML and display it in the browser. 
(This isn't unique to NCs; some browsers 
on PCs already do this for FTP sessions, 
and Microsoft is adding optional brows
er views to Windows.) 

Because the NC platform is neutral 
below the Java VM, an NC vendor can 
change the OS, the CPU, or just about any
thing else without affecting the user- if 

the applications are written in Java. (See 
the figure "Network Computer Archi
tecture" above.) Since Java is the only soft
ware guaranteed to run on all NCs, the 
success of the NC platform depends in 
large part on the success of Java. 

Most Macs and PCs can hit the NC ref
erence target with software you can get 
for free or little cost. Eudora Lite can han
dle the e-mail chores, and a free Web 
browser such as Microsoft's Internet 
Explorer can display HTML. Sun distrib
utes free versions of its Java Development 
Kit that can execute Java applets. Some 
of these packages aren't full- featured, but 
you can purchase commercial versions at 
modest cost. In fact, the latest version of 
Netscape Navigator will handle both the 
HTML and e-mail requirements. 

NC-Specific Hardware 
NCs can be based on a wide variety of 
different processors and OSes, including 
some configurations optimized for low 
retail price and easy administration. For 
example, Oracle has an NC reference 
design whose parts cost less than $300. 
(Oracle says it has no intention of manu
facturing NCs; the reference design is for 
other vendors to use.) In corporate envi
ronments, the lower administration costs 
will be more important in the long run 
than the initial purchase price. 

Most NCs will probably be desktop 



They will lose presentations and 
reports to a computer crash l 

They will blame their 
software or hardware 
when a power problem 
is really responsible. 

Power problems can also 
cause network and hard drive 
crashes, read/write errors, cor
ruption or loss of data, faulty 
data transmissions, system 
lockups, premature failure of 
components and much more. 

©1996 Best Power. All Rights Reserved. 

Best Power products are your 
answer. They clean up dirty 
power, which can reduce your 
computer problems by up to 
80%. * They also provide 
backup power to shutdown 
gracefully in a blackout. 

And now, all Best Power 
Single-Phase UPSs come 
bundled with free software, 
providing power monitoring 
and automatic unattended 
shutdown for your system. 

Don't take unnecessary risks. 
Call Best Power for your 
power protection answers. 

Internet: http://www.bestpower.com 

Dubai: +9714484645 
Germany: +49 9131 77700 
Italy: +3926600661 
Switzerland: +41 562019595 
UK: +44 1962844414 

• A five-year power quality study 
conducted by BeSI Power's National 
Power Laboratory showed that the 
number of calls for computer service 
dropped 82% after installation of a UPS. 

Best 
Power. 

Patriot~ Uninterruptible Power Systems 
(Includes Free Software) 

C ircle 134 on Inquiry Card (RES ELLERS: 135) . 
The Answer in Power Protection 



Inside the NC 

What It Takes to Make a Network Computer 
NC Reference Profile Requirements 

• Java application environment (which 
includes the Java virtual machine, Java 
run-time interpreter, and standard Java 
class libraries) 

• Text input capability 

• Audio output 

• Pointing device 

• Minimum screen resolution : 640 by 480 
pixels 

• TCP!I P networking 

• Simple Mail Transfer Protocol (SMTP) , 
Internet Message Access Protocol vA 
(lMAP4), and Post Office Protocol v. 3 
(POP3) e-mail protocols 

• SNMPfor network manageability 

• Ability to use the following file formats: 
HTML, JPEG, GIF, WAV, AU 

Optional Capabilities 
• Secure Sockets Layer (SSL) for secure 

TCP!I P connections 

• FTPifthe NC has local storage 

• Sun's Network File System (N FS) if the 
NC supports a distributed file system 

• User Datagram Protocol (U DP) for appli
cation-specific, end-to-end connections 
underNFS 

• Telnet (if the NC supports character
based console access to remote hosts) 

machines, but there's no reason why a 
mobile computer can't support the NC 
standard if it has occasional access to some 
sort of network. The NC standard does 
not require constant network connec
tions . Mobile NCs will probably have 
some form of local storage to hold infor
mation between network sessions. 

Some NCs will be set-top boxes that 
use a TV as the display device and connect 
to the Internet via a phone or cable 
modem. Just about all they need is a rel
atively fast CPU, a video controller, a 
network interface chip, and 4 to 8 MB of 
RAM. The latest home videogame ma
chines from Nintendo, Sega, and Sony are 
more than powerful enough and cost less 
than $300. The Nintendo 64 and Sony 
PlayStation have speedy CPUs based on 
the Mips R4000 and video capabilities that 
would put a $2000 PC to shame. 
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NC specs are flexible enough to accom
modate devices for office and home. 

Oracle NC System Software Suite 

All network computers built to Oracle's NC 
reference specifications will run NCOS and 
the NC System Software Suite without 
porting. The next version of the software 

• Bootstrap Protocol (Bootp) for booting 
the NC over a network 

• Dynamic Host Configuration Protocol 
(DHCP) for network booting w ith auto
matic I P addressing and network 
configuration 

·ISO 7816-standard smartcards 

• Europay!MasterCardlVisa 
specifications 

Acorn, a major Oracle partner in the 
development ofNCOS and the NC refer
ence design, plans to introduce a low-cost 
NC this fall through a U.K. subsid iary, 
NChannel International. The NC will 
make its debut in the U.K. at an anticipat
ed price of about £400 (approximately 
$620). Acorn hopes to introduce a u.s. ver
sion a few months later that will sell for 
about $400. Another company, NetChan
nel International, is planning to launch a 
consumer-oriented Internet service for 
NC users that would put a friendlier face 
on the Internet and the Web. 

One of the most controversial features 
of the NC is the lack of local storage. 
This is completely optional, but there are 
good reasons to leave out the hard drive. 
The first is cost. Although prices have 
plunged, it's still difficult to buy drive 
mechanisms for less than $75, and this can 

suite will include a portable OS capable of 
running on multiple hardware platforms, 
Oracle says. 

NCOS is based largely on a multitasking 
OS from Acorn. Key features include 
antialiasing and dithering algorithms that 
make it possible to display high-quality text 
and graphics on lower-grade monitors and 
TVs. NCs can work with regular computer 
monitors, of course, but low-end devices for 
consumers may rely on a TV as the display 
device. The software must be compatible 
with GIF, GIF89a, JPEG, QuickTime, Indeo, 
AVI , WAV, AU, and Shockwave files. 

The NC System Software Suite includes 
the following components: 

·NCOS 

• Web browser 

• Macromedia Director player 

• Oracle Media Objects player 

• Oracle Interoffice suite, including e-mail, 
scheduling, and calendarfunctions, plus 
directory services 

• Java virtual machine, w ith support for both 
streamlined Java applets and full-function, 
stand-alone Java applications 

• N FS file services 

• Network boot services (Bootp!DHCP) 

• Support for Secure Sockets Layer (SSL) 

• Smartcard authentication mechanism 

• Support for streamed video 

add at least $150 to the retail price. More 
important, local hard drives invite 
unskilled users to install untested soft
ware. This leads to the administration 
problems that plague PCs. 

Some NCs will have local storage for 
caching purposes only. The os and fre
quently used applications may reside on 
a local hard disk that's as transparent to 
users as a CPU cache. For longer-term stor
age of user files, these devices will rely 
on network servers. 

For instance, Corel could sell its draw
ing software as Java app lets that store 
their data on the same HTTP servers that 
offer the applets on the Web. If you cre
ate a drawing, you don't need to store it 
locally; you could store it on the Corel 
server. This frees users from the respon
sibility of creating backups. Of course, the 
downside is that moving large documents 



CorelCAD TM is a 32-bit design tool that allows easy, accurate 
modeling of real-world objects in 3D. A fully customizable interface 
and the industry-standard ACIS'" solid modeling system will give you 
the flexibility to conceptualize, construct and revise product models 
and prototypes on the PC. Powerful Boolean operations, advanced 
blending, extrusions and 2D drafting features will help make your 
ideas a reality. Exceptional rendering capabilities let you view models 
with realistic shading and textures, while an extensive eollection of 
symbols, models and utilities provide incredible value. Add a whole 
new dimension to all your design projects with CoreICAD! 

Create logical 
groupings of 
your layers and 
display only 
the layers 
in that group. 

View models in 
a Hidden Line 
view. Hidden 
lines can also 
be displayed 
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Manage your 
drawing by 
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control visibility, 
printability, color 
and locked status 
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across the network consumes bandwidth. 
It's not the ideal client/server model ifthe 
files are large and the network connec
tion is slow. 

If the files are relatively small or if the 
connection is fast (for example, an Eth
ernet LAN or a broadband modem), a 
stripped-down NC coupled with a smart 
server could provide many of the func
tions of a traditional PC at a fraction of 
the cost. It's not really a new client/serv
er model, but it does expand the defini
tion of a client. 

What's Missing? 
The biggest problems in the NC concept 
are lack of compatibility with existing 
software and the slow speed at which the 
machines will run certain kinds of soft
ware. Backward compatibility isn't 
required by the reference specification, 
which leaves aJava-only NC at the mercy 
of Java. Simple solution: If the software 
you need hasn't been ported to Java, then 
don't buy a Java-only NC. Note that this 
doesn't prevent you from buying a so
called "thin client." You can still get rela
tively inexpensive and easily administered 
terminals that run Windows applications 
on a Windows NT server with Citrix 
multiuser software. Some of those ter
minals also meet the NC specification, so 
they're Java-ready. 

Slowly executing software is another 
Java weakness . Java bytecode is inter
preted, so it typically runs only 3 to 10 per
cent as fast as native code compiled in C. 
Just- in-time OIT) compilers may soon 

NC Reference NChannel 
Profile International 
http://192.86.154.91/ Cambridge, England 
nc_reCprofile.html http ://www . 

.nchannel.com 
NCSystem 
Software Suite NetChannel 
http://www.oracle Palo Alto, CA 
.com/products/nc http://www 

.netchannell .com/ 
Acorn index.html 
Cambridge, England 
http://www.acorn.co Netscape 
.uk/anc Mountain View, CA 

http://home.netscape 
Apple Computer .com 
Cupertino, CA 
http://www.pippin Oracle 
.apple.com Redwood Shores, CA 

http://www.oracle 
IBM .com 
Armonk, NY 
http://www.internet Sun Microsystems 
.ibm.com Mountain View, CA 

http://www.sun.com 

110 BYTE NOVEMBER 1996 

Inside the NC 

One of Oracle's four reference designs 

integrates a phone with an NC, 

boost the performance of Java programs 
to about 50 percent the speed of native 
code. Still, there's a performance gap that 
may never be closed. 

For some kinds of applications (word 
processing, Web browsing, database 
access, casual spreadsheet work), the 
difference may not be noticeable. For oth
ers (high-end image editing, graphics 
design, serious number-crunching, soft
ware development, games) the difference 
could be dramatic. 

One solution is to take some well
designed APIs, such as Apple's Quick
Draw 3D, and meld them into the Java 
class hierarchy. Java has a provision for 
classes compiled in native code, and this 
could provide significantly better perfor
mance. Of course , the native classes 
would have to be ported to different 
machines, but the cost might be worth the 
benefits. 

Another solution is to optimize CPUs 
for Java. Sun is already working on Java
specific chips, and another chip vendor is 
planning to include Java optimizations in 
the next revision of its RISC instruction 
set. These chips are still in the testing 
stages, however (see "Sun Gambles on 
Java Chips," page 79). 

In the meantime, the NC standard will 
evolve. The NC Reference Profile will 
undergo revisions as the partners become 
convinced that new technologies are pop
ular enough and good enough to warrant 
making them part of the NC foundation, 
says Lu Kabir, vice president of worldwide 
sales for Network Computer Inc. In the 
future, video streaming and MPEG-2 
decoding could allow an NC set-top box 
to replace a cable TV box. The NC stan
dard will embrace Internet telephony in 
coming months, Kabir promises. 

One of the most interesting (but cur-

rendy optional) features of the NC spec
ification is the ability to read ISO 7816-
standard smartcards. These credit card
size devices contain a chip that can store 
personal information, such as bank bal
ances or health records. They can also act 
as identification tokens because they can 
hold a public-key certificate. You could 
use an NC with a smartcard to download 
electronic cash or other types of secure 
information over the Internet. 

Earning Respect 
Moving forward from a collection of 
trademarks and buzzwords to a comput
ing platform that earns respect in the mar
ketplace is a hazardous endeavor that has 
defeated many seemingly good ideas. The 
NC spec makes a good start by building 
upon standards that already are com
monplace. The ability to retrofit 'a PC as 
a makeshift NC provides an easy migra
tion path for those who don't want to 
gamble on a very different kind of device. 

But the NC concept also builds upon 
trends that are emerging with the devel
opment of the Internet. For some users, 
Web browsing and e-mail are major appli
cations in their own right. Corporate 
intranets are beginning to challenge PC
centric networks and applications. Many 
databases are now accessible to Web 
browsers. Platform-independent pro
ductiviry programs, such as word proces
sors, are already under development. 

The NC Reference Profile wisely 
avoids specifying an as, CPU, and GU!. 
With technology in flux, setting a rigid 
standard is like trying to hit a moving 
target. The NC profile recognizes this and 
leaves them out of the picture. 

Perhaps the biggest question is 
whether any force smaller than Microsoft 
can establish a new industry standard. 
Publicly, Microsoft still ridicules the con
cept of network computers. At the same 
time, Microsoft says it is committed to 
making all the software in the Windows 
realm capable of interacting with the 
Internet. Win tel PCs will soon meet the 
NC standard even though, for political 
reasons, they may never bear the trade
marked name. Ii) 

BYTE consulting editor Peter Wayner frequent
ly writes about the Web and other Internet

related topics . You can reach him at 
pew@aeeess.digex.netorviewhishomepage 
at http://www.aeeess.d igex.net/-pew/ 

pewpage.html. 



Every Best Power 
Single-Phase UPS 
comes with free 
unattended-shutdown 
and monitoring software. 

What happens if you're away 
from the office when an out
age hits, even with a UPS? 

Best Power unattended
shutdown software is the 
answer. In a power emer
gency, it can page or 

©1996 Best Power. All Rights Reserved. 

a blackout eats your 
network for lunch ! 

e-mail you, notify users of 
impending shutdown, close 
your system properly and 
allow remote monitoring. 

Plus, it's completely free. 
Many UPS makers will tell 
you their software's free 
and just raise their prices. 
But Best Power bundles free 
software on CD-ROM with 
every Single-Phase UPS, or 
you can download it from 
the Internet. 

So call Best Power for your 
power protection answers .. . 
and free software. 

Internet: http://www.bestpower.com 

Dubai: +9714484645 
Germany: +49 9131 77700 
Italy: +39 2 6600661 
Switzerland: +41 562019595 
UK: +44 1962 844414 

Best 
Po'Wer. 

Patriot~ Uninterruptible Power Systems 
(Includes Free Software) 
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Eight Twin-Engine 
Pentium Pro 
Workstations 
.. --. or 32-bit number-crunching 

and running technical appli
cations under a 32-bit OS like 

" __ "Windows NT, the Pentium 
Pro is the Intel processor of choice. For 
some people, two Pentium Pros is an even 
better choice, either to run a multipro
cessing NT application or to multi task
downloading from an FTP site or han
dling e-mail with one processor while you 
tie up the other with your heavy-hitter 
32-bit application. 

In this month's Hardware Lab Report, 
we take a look at eight 200-MHz dual
processor Pentium Pro workstations that 
will keep you from sitting on your 
thumbs. Our test subjects come from Dell 
Computer, Digital Equipment, IBM, 
Hewlett-Packard, Polywell Computers, 
SAG Electronics, and Xi Computer 
(which supplied two systems). These ven
dors are betting that NT will emerge soon 
as a prominent general business platform. 
The recent release of Windows NT 4.0, in 
particular, has increased interest in high
end Pentium Pro systems. 

Built fOT 32 Bits 
With one of these symmetric multi
processor (SMP) speed demons on your 
desk, you can take full advantage of 
both 16- and 32-bit appl ications simul
taneously. Admittedly, the Pentium Pro 
processor isn't optimized for 16-bit DOS 
and Windows 3.x software, or even for 
the mixture of 16- and 32-bitcode found 
in Windows 95. Such software is full of 
segment writes, partial register opera
tions, unaligned data accesses, and 
instruction-prefix bytes that have stymied 
the Pentium Pro in previous BYTE tests. 

1 12 BYTE NOVEMBE R 1996 

However, you won't care if a Pentium 
Pro doesn't run 16-bit code much faster 
than a less expensive Pentium system for 
two reasons. First, the clock speed is high 
enough that you won't notice a slow
down with an older legacy application, 
particularly if it's running on its own 
private processor. Your performance-crit
ical software will be 32-bit. Second, busi
ness software is starting to go 32-bit; 
many office suites are already there. The 
proliferation of Windows NT-optimized 

BEST 
Deli's OptiPlex GXpro 200 

Digital's Personal Workstation 200i 
Polywell's Poly P6-200ND2 

These three systems offer the best 

combination of performance, features, 

usability, and good pri ce. 

applications isn't an adequate reason in 
itself to buy a dual-Pentium Pro work
station, but it helps. 

The desktop, mini-tower, and tower 
systems we review range in price from 
$4700 to $9200 as configu red for testing: 
with 64 MB of system RAM, 2- to 9-GB 
hard drives, and 17-inch displays. T he 
Dell, Digital, and SAG models came with 
integrated Ethernet, while HP provided 
an Ethernet card. In general, the vendors 
chose similar high-performance com
ponents in designing their dual-proces
sor Pentium Pro systems. Only Dell went 
with the costly 512-KB-cache version of 
the Pentium Pro chip. 

Hardware 

For compute-intensive 
applications, a second 
Pentium Pro chip can 
make the job go faster. 
By Maggi Bender, 
Dorothy Hudson, Jim Kane, 
and John McDonough 

Six of the eight systems have SCSI hard 
drives of various flavors, while the Dell 
and Xi systems have slower-spinning, but 
less expensive, Enhanced IDE (EIDE) 
drives. Five systems use a Matrox Mil
lennium graphics adapter, two have a 
Number 9 Imagine 128 Series 2 adapter, 
and one has a Diamond Stealth 64 card
all PCI. Most systems include six- or eight
speed CD-ROM drives; the Hewle tt
Packard Vectra XU 6/200 has a four-speed 
drive. (See the features table on pages 120 
and 121 for details.) 

Most of the systems use Intel's latest 
82440FX Pentium Pro chip set, which 
supports fast extended data out (EDO) 
memory, Universal Serial Bus (USB), and 
dual concurrent PCI buses. HP and Poly
well stayed with the older 82450KX Ori
on chip set. Six systems actually imple
ment USB by providing ports. The Dell 
and HP workstations have none. The 
Digital, Polywell, and Xi systems have 
two ports. 

The USB defines a standardized con
nector and socket for many types of 
peripherals (see the Tech Focus on page 
116). Because you can daisy chain many 
peripherals to a single port, USB has the 
potential to eventually eliminate the 
number and kinds of connectors on the 
back of a typical Pc. With USB-enabled 
PCs, users will also be able to hot-plug USB 
peripherals without rebooting their sys
tems or having to deal with IRQ settings, 
DMA channels, and I/O addresses. With 
USB, you could connect up to 127 devices 
to a single Pc. USB's 12-Mbps serial data 
rate provides ample throughput for low
and mid-bandwidth peripheral devices. 
With strong support from Microsoft, 



Typical Pentium Pro 

POWERSUPPLY- __ _ 
Dual-processor Pentium Pro 

workhorses use lots of juice. A 

power supply in the 200-W to 
300-W range is appropriate in 

most cases. A well-engineered 

system can get by with less. 

",."" 
",."" 

DRIVE BAYS "" ",. 
The systems in a tower chas

sis-the SAG STF 3000, the 

Polywel l Poly P6-200ND2, 
and the Xi Pro400 Ntower 

DP-provide more drive bays 
than the mini-tower and desk

top systems. 

EXPANSION SLOTS - - -
A combination of PCI and ISA 

expansion slots matches the 
mix of 32- and 1 6-bit expansion 

cards you are likely to install in a 

system. 

Illustration based on Xi 
Pro400 Ntower DP. 

Intel, and big system vendors, USB is as 
inevitable as was PCI. 

Tight Bunch 
Although Windows NT 4.0 is the hot news, 
it was just out of beta when we were test
ing these systems, so we stuck with tried
and-true NT 3.51. Our suite of NT bench
marks shows that these systems provide 
unprecedented performance on the Intel 
x86 platform. 

While the three fastest systems-Dell's 
OptiPlex GXpro 200, Digital's Personal 
Workstation 200i, and Polywell's Poly P6-
200ND2- are benchmark burners, the 
remaining five models were right behind 
them. You won't notice speed differences 
among them when navigating through 
typical desktop applications. Though it 
wasn't the fastest overall, IBM's PC 365 per
formed best in the two benchmarks that 
test dual-processor efficiency (see Test 
Specs, page 119). The Dell took second. 

, CD-ROM DRIVE 
, , Most of the systems we tested have , r six-speed or eight-speed CD-ROM 

___________ ------:,~,~" drives. Faster is belterfor instal ling -"'.'1_-. , , development packages and reading 
~ on-line documentation. 

, DUAL CPU CHIPS 
, Most vendors place two Pentium 

Pro ch ips side-by-side in ZIF 

sockets on the motherboard, 

although the Dell OptiPlex GXpro 
200 has one C PU on a riser card. To 

keep the CPUs from overheating, 

many vendors place a big heat sink 
and a cooling fan directly on top of 

the processors. H P takes the more 
sophisticated approach of directing 

airflow onto the C PUs from a larger, 
and perhaps more reliable, stand

alone fan blowing through plastic air 
condu its (not shown here). 

... _ _ HARD DISK 
- - ... ... A SCSI hard drive provides the best 

Only one system lagged noticeably 
behind the others- Xi Computer's Pro400 
Mtower DP-and that can be blamed on 
its EIDE hard drive. Xi's Pr0400 Ntower 
DP, which had a high-rpm IBM Fast/Wide 
SCSI drive, ran right with the pack. 

Who needs so much horsepower at their 
desk? Vendors' marketing plans give some 
idea. Hewlett-Packard aims its Vectra XU 
6/200 at users who need enough comput
ing force to create two-dimensional ani
mation or to design electronic components 
with a package like AutoCAD. Polywell 
provides options for its Poly P6-200ND2 
that let it serve as a CAD/CAM workstation, 
a SQL-based Internet server, or a video edit
ing workstation. Dell sees its OptiPlex 
GXpro 200 as a number-crunching finan
cial workstation. SAG Electronics offers the 
STF 3000 both as a workstation and, when 
configured with RAID 5 storage options 
using the Ultra-SCSI architecture, as a low
end network server; indeed, the SAG sys-

performance for an NT workstation, 

even in single-drive configurations. 
Compared to EIDE, the disadvantage 

of SCSI command overhead is more 

than compensated for by the higher 
spin rates available with SCSI models. 

...... ... MEMORYUPGRADESLOTS 
The Pentium Pro chip sets in these 
workstations support up to 1 GB of 

system memory, though only the 

Polywell and Xi systems can take that 
much. Half the test systems have 

SIMMs (shown here), and the others 
have newer DIMMs, wh ich require half 

as many modules for a given capacity. 

tern has many built-in server features such 
as temperature, fan speed, and voltage sen
sors, as well as the necessary software to 
report on problems these sensors find. 

The systems we tested for this Lab 
Report were similar in their overall per
formance, mainly due to the commonali
ty of architecture dictated by Intel's PCI 
chip sets. The small differences in speed 
are due mainly to the vendors' selections 
of hard drives and graphics cards. Given 
the narrow performance spread between 
these machines, we recommend that you 
pay more attention than usual t o fea 
tures, usability, and, of course, price. 

Contributors 
Jim Kane, Project Manager/NSTl 
Dorothy Hudson, Project Manager/NSTl 
John McDonough, Technical Writer/NSTl 
Maggi Bender, Techn ica l Analyst/NSTl 
Dave Rowell, Senior Technical Ed itor/BYTE 

N OVEMBER 1 996 BYTE 113 



1[_-
PEN T U M PRO WORKSTAT 

.. --.. he eight dual-processor Pen
tium Pros we tested not only 
boast top-notch perfor

.. __ .. mance, they also provide a 
bridge to a future dominated by 32-bit 
applications. Loaded with 64 MB of RAM, 
they were all exceptionally fast in our 
benchmarks, with only small perfor
mance differences between them. Still, 
we had to pick winners in our two cate
gories: Best Overall and High Perfor
mance. Tight scoring resulted in the same 
three-way tie in both categories. 

Dell's OptiPlex GXpro 200 ($6685)
a combined Best Overall and High Per
formance winner-differentiated itself 
by using Intel's most expensive CPU, the 
200-MHz Pentium Pro with 512 -KB cache. 
The big-cache chip helped it eke out a 
small lead in the performance testing, but 
at a cost of roughly $1500 more than 
you'd pay for two Pentium Pros with 256-
KB cache (also available). Like most of the 
other systems, the Dell uses Intel's 440FX 
Pentium Pro chip set. 

Fast performance isn't the OptiPlex 
GXpro 200's only forte. It's tops in our 

Dual-Processor Workstation Tests 

features category, too. The Dell system 
comes with integrated networking. It has 
3Com's PCI Bus Mastering 3C59X Twist
ed Pair EtherLink III on the motherboard 
so you don't need a network interface 
card in one of your PCI slots. The test unit 
came with a 2-GB Seagate hard disk with 
an EIDE interface. EIDE drives are cur
rently limited to 5400-rpm spin rates, 
which gives systems with nOO-rpm SCSI 
drives a slight performance advantage. 
The OptiPlex's other components in
clude five drive bays, an eight-speed CD
ROM drive, a Number Nine Imagine 
128 graphics card, and a Dell 17LS mon
itor. The small-footprint desktop chassis 
has a push-button removable cover, lever
locked expansion cards, and a hinged 
power supply, all of which helped the sys
tem's Usability score. 

The second double winner is Polywell's 
Poly P6-200ND2. Its strengths are per
formance-particu larly in the Excel! 
Word tests-and price. At $5270, the Poly 
P6-200ND2 is one of the least expensive 
systems in this roundup. Polywell's ma
chine could have scored even better if it 

The IBM PC 365 performed best overall with the two dual-processor tests. The Dell 
OptiPlex had the best c++ compilation time, while the Xi Pr0400 Ntower did best 
with the Fourier analysis. Performance differences between the Xi Ntower and 
Mtower models are due to different hard drives (SCSI and EIDE, respectively). Both 
tests run two simultaneous instances of the test task. 

~- -'-----_ .. 
Dell OptiPlex GXpro 200 -AM ._. , -.. -- ·r·- T 

Digital Personal Workstation 200i ... 
HP Vectra XU 61200 84 

IBM PC 365 11.4 

Polywell PG·200ND2 
ILl 
I 

SAG STF 3000 

Xi Pr0400 Mtower DP 
f 7.0: ,. ----

Xi Pr0400 Ntower DP 
lJlJ I 

0 2 4 6 8 10 

• Fourier WAY analysis Scaled Score 

VIsual C++ Compile Scores are scaled to the fastest system (10) in each test. 
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wasn't such a hassle to remove the chas
sis to get to the internal components. 

Once inside the Poly P6-200ND2 you' ll 
find plenty of room for expansion. The 
tower has six available expansion slots 
(two PC! and four ISA) and seven avail
able drive bays for upgrades. The 4.3-GB 
Seagate ST15150W hard disk has a Fast/ 
Wide SCSI-2 interface, but the S3-based 
Diamond Stealth 64-bit graphics card 
came with only 2 MB of DRAM. 

Also tying for first place in both cate
gories, Digital Equipment's Personal 
Workstation 200i ($5834) had the best 
scores in our low-level InterMark per
formance tests, which stress the proces
sor, hard disk, video, and CD-ROM com
ponents. The powerful mini-tower NT 
workstation arrived with a speedy 2-GB 
Seagate ST32550 Fast/Wide SCSI hard 
drive, a Matrox Millennium graphics 
adapter, and an eight-speed Toshiba CD
ROM drive. 

The company markets the Personal 
Workstation 200i for graphics-intensive 
applications for mechanical CAD, digi
tal content composition, and software 
engineering. Along these lines, Digital 
offers more capable 3-D graphics card 
options. The workstation sports innova
tive features such as two USB ports and 
integrated Ethernet (10Base-T/l OBase-
2) on the motherboard. 

Best of the Rest 
The IBM PC 365 ($7081) provided un
matched speed in our CPU-intensive 
Fourier and Visual C+ + benchmarks that 
challenge symmetrical dual-processing 
capabilities. We also found that it boots 
up Windows NT fasterthan any other sys
tem. IBM's desktop workstation features 
a Matrox Millennium graphics adapter 
with 4 MB of Window RAM (WRAM) that 
supports a 1600- by 1280-dpi screen res
olution. The PC 365 has a 2.1-GB IBM 
hard disk with an Adaptec UltraSCSI PCI 
host adapter, and it has a six-speed CD
ROM drive. 

IBM positions this system at the top of 
its desktop PC product line yet stresses 
the machine 's network management 
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RESULTS 
BEST OVERALL WEIGHTING 

Dell's OptiPlex GXpro 200, Digital's Personal 
workstation 200i, and Polywell's Poly P6-200ND2 
In a very tight race, the Dell, Digital, and Polywell workstations 
tied for first in Overall score. They are also the top three in our 
performance benchmarks. Dell's OptiPlex GXpro 
received the most impressive Features score thanks to 
important workstation ingredients like integrated network-
ing and an eight-speed CD-ROM drive. A great performer, the 
roomy Poly P6-200ND2 also has one of the smallest price tags. 
Keep in mind that IBM and Xi (the Pr0400 Ntower DP) were not 
far behind. 

PRICE TECHNOLOGY IMPLEMENTATION 

Dell OptiPlex GXpro 200 $6685 **** **** 
Polywell P6-200ND2 $5270 **** **** 
Digital Personal Workstation 200i $5834 **** **** 
IBMPC365 $7081 **** **** 
Xi Pro400 Ntower DP $4788 **** **** 
SAGSTF3000 $5650 **** **** 
HPVectraXU 6/200 $9206 **** **** 
Xi Pro400 Mtower DP $4688 **** *** 

Features 

PERFORMANCE 

**** 
**** 
**** 
**** 
**** 
**** 
**** 
*** 

HIGH PERFORMANCE WEIGHTING 

Dell's OptiPlex GXpro, Digital's Personal Workstation 
200i, and Polywell's Poly P6-200ND2 
As the top speedsters, these three systems performed within 
several hundredths of a point of each other. However, each ex
celled in a different test. The Dell OptiPlex took advantage of its 
large 512-KB L2 processor caches to get the high score in the dual
processor Visual C+ + compiling benchmark. Digital's Personal 
Workstation 200i got the top score in the InterMark low-level test. 
Polywell's workstation finished far ahead in the ExcellWord application 
testing. Again, the other systems were not far behind. The IBM PC 365 
had the highest combined score in the two dual-processor workstation 
tests, but it faired poorly in the less important ExcellWord tests. 

PRICE TECHNOLOGY IMPLEMENTATION 

Dell OptiPlex GXpro 200 $6685 **** **** 
Polywell P6-200ND2 $5270 **** **** 
Digital Personal Workstation 200i $5834 **** **** 
IBMPC365 $7081 **** **** 
SAGSTF3000 $5650 **** **** 
Xi Pro400 Ntower DP $4788 **** **** 
HPVectraXU 6/200 $9206 **** **** 
Xi Pro400 Mtower DP $4688 **** *** 
***** Outstanding **** Very Good *** Good ** Fair * Poor 

PERFORMANCE 

**** 
**** 
**** 
**** 
**** 
**** 
**** 
*** 

capabilities. The box didn't come with a 
network card, but it does have Wake-on
LAN, IBM networking tools, and predic
tive-failure hard drive technology. Wake
on-LAN enables network managers to turn 
on unattended systems from anywhere on 
a local network. The system's USB port 
prepares users for the USB-based hardware 

peripherals that will be arriving within the 
next year. 

For those who can' t afford to spend 
much more than $4000 but still want 
power, the Xi Computer Xi Pro400 Ntow
er DP ($4788), which scored very well in 
our tests, is a good bet. The tower system 
has plenty of room for expansion and fea-

USABILITY FEATURES OVERALL RATI NG 

**** **** **** 
*** **** **** 
*** **** **** 
**** **** **** 
**** *** **** 
*** **** **** 
***** *** **** 
** *** *** 

... . . . . .... .. . • . • • • .• 

USABILITY FEATURES OVERALL RATING 

**** **** **** 
*** **** **** 
*** **** **** 
**** **** **** 
*** **** **** 
**** *** **** 
***** *** **** 
** *** *** 

tures top-notch components such as an 
eight-speed CD-ROM dr ive and a 2-GB 
FastlWide Seagate SCSI h ard drive. At the 
other end of the price spectrum, Hewlett
Packard's well-engineered Vectra XU 6/200 
was a cut above the rest in its Usability 
score, but it didn't stand out otherwise in 
this competitive field . 
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Designer's Choice Down to Three 

Most of the systems we tes ted use 
Intel's new Pentium Pro chip set, the 

440FX PCIset. For workstations, it pro- . 
vides performance efficiencies by reduc
ing the chip count to three (from the 
seven chips of Intel's Orion sets), sup
porting EDO memory, and allowing its 
dual PCI buses to work concurrently. 

Kudos to the engineers at Dell and 
Hewlett-Packard for thoughtful sys

tem designs. Dell made its compact Opti
Plex GXpro 200 (shown below) easy to 
service with a hinged power supply and 
expansion cards that lock in with a lever. 
Also easy to open, HP's Vectra XU 6/200 
achieved our highest Usability score with 
features like accessible DIMM slots near Betting Twice on USB 
the top of its mini-tower chassis. 

Digital believes Universal Serial Bus 
(US B) peripherals will become wide

ly available in the next six to nine months 
and that you' ll want both of the USB ports 
incorporated in the Personal Workstation 
200i. You' ll likely use one port to daisy 
chain the keyboard and mouse in front of 
the system, the other for peripherals like 
scanners and printers that cable out from 
the side or rear. Systems from Polywell 
and Xi also have dual USB ports. 

let's Make It Universal 
Though it has been on the boards for a whi le, the catchall Universal 

Serial Bus (USB) interface is working its way into mainstream desk

top computers. The USB standard, sanctioned by Intel and Microsoft 

and strongly backed by major vendors like IBM, Digita l, Compaq, and 

NEC, will arrive more qu ickly than did PCI. IBM introduced the first 

two business PCs with a USB port last summer; Compaq, Siemens 

Nixdorf, and Sony have, too. Six systems in this lab Report. including 

the IBM, provide USB ports. The Digital , Polywell , a nd Xi have two. 

Microsoft is preparing Windows drivers, and Intel has developed USB 

device chips as well as USB support in its lat est CPU chip sets. 

like the Apple Desktop Bus (ADB), USB lets you daisy chain periph

erals like keyboards and pointing devices into a single port. With its 

12-Mbps serial transfer rate, however, USB has enough bandwidth to 

support pri nters, scanners, ISDN terminal adapters, and telephony 

devices, including T1 or E1 lines. (The telephony angle explains Nortel's 

strong backing of USB.) 

USB's convenient bus topology is actually more of a staggered star 

topology than a chain. Hubs that provide seven USB ports can be 

chained together with S meters between hubs to support as many as 

127 USB devices from one host system. The four-line USB cable has 

two lines to carry differential serial signals, one for ground and a +S

V power line, which largely eliminates the need for power bricks for 

many peripheral devices. The spec defines three classes of device: low 
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PERIPHERAL INTERFACE 

power, bus- powered (1 OO-mA maximum current draw); high power, 

bus-powered (SOO-mA maximum); and self-powered. USB devices like 

scanners and printers will obviously have their own power supplies but 

could use the USB power to exit power-saving states. The cabling is 

shielded twisted pair to support the 12-Mbps signaling rate. The spec 

allows a limited number of low-speed, 1.5-Mbps devices. 

You will be able to hot-plug and unplug these devices, and they will 

automatically register with the host operating system in true Plug and 

Play manner. Not only is the USB topology LAN-like; its signaling pro

tocols are, too. USB has abstraction layers sim ilar to the first three 

levels of the Open Systems Interconnection (aS I) protocol stack. USB 

sets up point-to-point connections, termed pipes, between an appli

cation or USB driver program and a USB device on the bus. At the phys

ical hardware level, the host controller (always the initiator) and the 

USB device send and receive serial signals on the bus. At the middle 

level, USB system software and a particu lar device send each other 

framed data. At the top level, an application talks to one of t he device 

interfaces that a USB device can present. 

The upshot is that you'll be ab le to easily attach external periph

erals to a PC without rebooting, without confronting a confusing 

array of ports, and without having to deal with IRQ sett ings, DMA 

channels, and I/O addresses. Bring on those USB periphera ls. 

-Dave Rowell 
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Dolch Computer Systems builds portable computers for indus

trial and military applications that must withstand the rigors of 

rough treatment and harsh environments - demanding massive 

expansion capability and the performance of a high-end desktop. 

fiun, fiunll~ liN)) lfll.'l'ElllJuOOlI 
Dolch builds the world's toughest portables for sophisticated 

military and industrial users. 

o Tested to Military and NEMA Standards - Shock to 50Gs 
o Completely Sealed Systems - NotePACM Runs in the Rain 
o Add-in Protection - Unique Card Retention System 

JlIASSIVI~ I~XI)ANSION 

The PACM
, L-PAC™· 

(Light-PAC) and NotePAC 

families offer a wide variety 

of slot and drive specifica

tions. Systems can be tai

lored to precisely match the 

application requirements. 

o From 1 to 7 Expansion Slots - ISA, EISA, PCI and PCMCIA 
o Up to 4 Drive Bays - Tape, CD-ROM, Removable, etc. 
o Configurable System Power ~ 100 watts to 350 watts 

lJNlUvlium IJElU10Il.l~IAN(:I~ 
Dolch PAC portables are available with a broad range of perfor

mance options - meeting or exceeding all the best of desktops. 

o CPU Options - 486 up to Dual Pentium at 150MHz 
o Displays -16.7 Million Colors or Daylight Readable Mono 
o Active Matrix TFT Screens - Up to 12.1-inches 
o Resolution - 640 x 480, 800 x 600 and 1024 x 768 
o Graphics Performance - In Excess of ll5 WinMarks™ 
o Drives - EIDE or High-speed PCI SCSI - Up to 9 GB 

o Memory - High Speed Cache and EDO DRAM 

Dolch Computer Systems 

3178 Laurelview Ct. 

Fremont, CA 94538 USA 

Tel. 510.661.2220 ; Fax 510.490.2360 

Web Site - http://www.dolch.com 

(:AU'I'O))AY: 1 .UOO.!HJ5.75UO. 

Circle 141 on Inquiry Card. 



BRILLWiCE® 
HIGH RESOLUTION MONITORS 

Whatever you're creating on screen, Philips 
Brilliance monitors will bring out the best in you. 
Because the really clever thing about them is their 
pixel perfect display, offering you incredibly high reso
lution, colour accuracy, contrast and consistency 
right across the range. They are available in 15", 17" 
and 21" sizes, which means that whether you're a 
design professional, office or small business user, or 
a game freak we have the right kind of monitor for 
you. So why waste your talents on anything less? 
Look into a Philips Brilliance monitor today. 

PHILIPS 
Philips Consumer Electronics Company 
One Philips Drive 
Post Office Box 1481 0 
Knoxville, TN 37914-1810 
(800) 835-3506 
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I 
.. --.. wo rkstation with Intel's 

fastest Pentium Pro processor 
provides great perfo rmance 

.. __ .. for running applications. A 
workstation with two 200-MHz Pen
tium Pros is even better-but not fo r 
everybody. To really get your money 's 
worth, you'll have to be using a techni
cal application that threads well over two 
processors, or running something com
putationally intensive as a background 
task while doing other work. You might, 
for example, want to write code or 

SCSI or EIDE? ' 

With higher data densities, quicker 
head movement, and faster spin rates, 
hard drives deliver data much faster 
than they used to, some with susta ined 
rates higher than 8 MB/second. Both 
the IDE (as EIDE) and SCSI device inter
faces have kept pace; either can shoot 
data to the host PC faster t han a single 
drive can deliver it. So why are high
end Wi ndows NT systems faster with 
SCSI drives? For sing le-drive systems 
that don't fully use SCSI mult itasking, 
an EIDE drive may have a sl ight perfor
mance advantage over a SCSI drive 
because it has a simpler, more di rect 
interface with little command over
head. The answer is that drive manu
facturers put SCSI connectors on their 
fastest and most expensive drive 
mechan isms. Current ly EIDE (or ATA) 
drives top off at 5400 rpm, while many 
high-end SCSI drives do 7200 rpm. 
Spin rate affects both sustained data 
rate and access t i me. 

answer e-mail while compiling a large 
application. 

The eight systems we tested can all han
dle this kind of work. For our evaluation, 
we requested 200-MHz dual-processor 
Pentium Pros with 64 MB of RAM, at least 
a 1-GB hard disk, and a 17-inch monitor. 
All came with at least 2-GB hard drives, 
mostly SCSI of various flavors ; the SAG 
system came with a 9-GB Wide Ultra
SCSI drive from Seagate. Seven of the sys
tems arrived with 25 6-KB-cache versions 
of the Pentium Pro; the Dell OptiPlex 
came with the newer CPU that has a 512-

KB cache (adding around $1500 to its 
price). Most came with strong 2-D graph
ics cards from either Matrox or Number 
Nine. We evaluated the systems for 
usability, features, and performance with 
some consideration of price. 

Performance 
We tested performance under Windows 
NT 3.51 with our usual applications-based 
benchmarks and low-level InterMark 
tests, butwe also hammered the dual-pro
cessor machines with two new tests that 
evaluate their multiprocessor efficiency 
under NT. Given the nature of the prod
ucts, our Performance rating is weight
ed heavily (50 percent) by the dual-pro
cessortests. After putting NT 3.51 on each 
system, we installed Microsoft Office and 
Visual C+ + (4.2). We used each system's 
vendor-specified configurations and exe
cuted all the tests at 1024- by 768 -dpi 
graphics resolution and 16-bit color 
depth (65,536 colors) . 

To evaluate multiprocessor perfor
mance, NSTL's R&D department devised 
two tests that measure system speed when 
both processors are being pushed to the 
limit. In the first test, we ran a floating
point-intensive Fourier transform pro
gram that analyzes the spectral content 
of a WAY file. A shell program loaded two 
simultaneous copies of the test and timed 
the results. The spectral analysis test has 
high data locality and little file I/O, so 
the test data generally resides in cache and 
the results are primarily dependent on 
raw floating-point power. 

The second multiprocessor test mea
sures how fast a system can build (com
pile and link) a large chunk of Visual C+ + 
source code. We ran two simultaneous 
instances of the test. This benchmark pro
duces results that depend on both CPU 
and hard disk performance; the test hits 
the hard disk often with both read and 
write operations. 

Although dual-processor workstations 
are designed for high-end technical appli
cations, many people will want the sec
ond processor to run general software. 
Our applications-based benchmark 
employs two 32-bit business programs, 
Microsoft's Word 7.0 and Excel 7.0. The 
macro-based tests exercise common func-

tions of each application. For example, 
the Excel test measures the time it takes 
to delete a variety of cell ranges and cal
culate various addition, financial, and sta
tistical functions . The application tests 
account for 20 percent of the overall 
Performance score. 

To get at the performance of important 
system components, we also ran NSTL's 
InterMark tests. In addition to CPU per
formance, these low-level tests measure 
the efficiency of such components as CD
ROM drive, hard disk, and video/graph
ics subsystems. InterM ark accounts for 
30 percent of the Performance rating. 

Features and Usability 
We also rated system features and 
checked how easy the PCs were to set up 
and upgrade. In coming up with our Fea
tures ratings, we rewarded system char
acteristics that differentiate these top
notch Pentium Pro workstations from 
each other. Length and completeness of 
the warranty, number of slots and drive 
bays free for expansion, built-in security, 
and amount of dedicated graphics mem
ory to support high screen resolutions 
(1600 by 1200 pixels) all contributed to 
better ratings. 

For usability, a screwless design that 
makes it easy to remove the case and 
install an adapter card is a p lus, as are 
clearly labeled I/O ports. On the other 
hand, an obstructed expansion slot is a 
minus. We gave extra points to systems 
that came with clear, well-indexed doc
umentation. We consider adequately 
detailed jumper and DIP switch settings 
to be particularly important. 

Evaluations in this report represent the 
judgment of BYTE editors, based on 
tests conducted by NSTL, Inc., as 
documented in a recent issue of their 
monthly PC Digest. To purchase a 
copy of the full report, contact NSTL 
at 625 Ridge Pike, Conshohocken, PA 
19428; (610) 941-9600; fax (610) 
941-9950; on the Internet, edi
tors@nstl.com. For a subscription, 
call (800) 257-9402 . BYTE Maga
zine and N STL are both operating 
units of the McGraw-Hill Companies. 
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Price as tested (MSRP) with monitor 
Overall rating 
Performance 
Features 
Usability 

MICROPROCESSOR 
Manufacturer and model 
Secondary cache RAM per CPU (KB) 
Number of processorslmaximum number of processors 
BIOS vendor and version 

MEMORY 
Standardlas testedlmaximum (MB) 
Package type 
Speed (nanoseconds) 
ECC 
Memory architecture 

MASS STORAGE 
Hard drive manufacturer and model number (capacity) 
Hard drive interface 

Standard 3X-inch floppy drive 
Standard 5X·inch floppy drive 
CD-ROM drive speed, manufacturer and model, interface 

DRIVE BAYS 
TotaI3X·inch/5X·inch 
TotaI3X-inch/5X-inch with external access 
Available 3X-inch/5X-inch 

GRAPHICS 
Graphics manufacturer and model 
Maximum non interlaced display resolution (refresh rate) 
Color depth at maximum noninterlaced display resolution (bits) 
Standard graphics memorylas testedlmaximum (MB) 

MONITOR 
Manufacturer and model 
Dot pitch (mm) 
Maximum noninterlaced display resolution (refresh rate) 

EXPANSION SLOTS 
Number of PCI/ISA (shared) 
Number of slots used 

1/0 
Seriallenhanced paral lel 
Rated throughput of serial port(s) 
UART compatibility 
Integrated EIDE 
Universal Serial Bus (USB) ports 
Integrated Fast SCSI-2 
1 OBase-T Ethernet 

POWER SUPPLY 
Output rating (Watts) 
AC voltage (V) 
Autodetecting/autoswitching 
Energy Star compliant 

DIMENSIONS 
Height x width x depth (inches) 
Weight (pounds) 
FCC rating 

CUSTOMER SUPPORT 
Warranty length (years)/coverage 
Phone 
Toll -free phone 
On-line address 
Inquiry no. 

Dell Computer Corp. 
OptiPlex GXpro 200 

$6685 
8.2 
8.3 
7.9 
8.2 

Intel Pentium Pro 200 
512 
212 
PhoenixAOl 

32/641128 
DIMM 
60 
V-

EDa 

.. 

Seagate ST32140A (2·G B) 
Integrated Intel PCI EIDE 

8xNECA31 0-00, EIDE 

3/2 
3/0 

2/0 

Number Nine Imagine 128 Series 2 PCI 
1600 x 1200 (83 Hz) 

16 
0.5/414 

17·inch Dell 17 LS 
0.28 
1280 x 1024 (60 Hz) 

5/2 (2 shared) 
2 

2/1 

115.2Kbps 
16550 

V-
o 

Integrated 

230 
110/220 

V-

V-

6.5 x 16.5 x 17.6 
30 
B pending 

3/P,L,F,R 
Call local Dell dealer 
(800) 289-3355 
http://www.deILcom 
1011 

V- ~yes Warranty: P ~ parts; L ~ labor; 

Digital Equipment Corp. 
Personal Workstation 200i 

$5834 
8.2 
8.3 
7.4 
7.9 

Intel Pentium Pro 200 
256 
2/2 
Phoenix 4.05 

32 /64/512 
SIMM 
60 
V-
EDa 

.. 

Seagate ST32550W (2-GB) 
Adaptec PCI Fast/Wide SCSI·2 card 

8xToshibaXM5602B·FW, EIDE 

3/3 
1/3 

2/2 

Matrox MGA Millennium PCI 
1600 x 1 200 (72 Hz) 

8 
2/2/8 

17·inch Digital SN·PCXAV-YZ 
0.26 
1280 xl 024 (75 Hz) 

3/3 (1 shared) 
2 

2/1 

115.2 Kbps 
16550 
V-

Integrated 

300 
120/240 

16x8.5xl7.5 
21 
B 

3/P,F 
Call local Digital Equipment dealer 
(800) 344-4825 
http://www.workstation.digitaLcom 
1012 

.~BYTEBest 
F = freight to repair center; R = return to customer. 
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Hewlett-Packard Co . 
Vectra XU 6/200 

$9206 
7.7 
7.8 
6.4 
9.5 

Intel Pentium Pro 200 
256 
2/2 
Hewlett-Packard 

32/64/256 
DIMM 
60 
V
Fast·paged 

Seagate ST32550N (2-GB) 
Integrated AMD PCI Fast SCSI-2 

4xSony CDU-76S, EIDE 

4/3 

2/3 

2/2 

Matrax MGA Millennium PCI 
1600 x 1200 (72 Hz) 

8 
2/2/8 

17·inch Hewlett·Packard Ultra VGA 1280 • 
0.28 
1280 x l 024 (75 Hz) 

3/2 (1 shared) 
2 

2/1 

115.2Kbps 
16550 
V-

o 
V-
Card 

160 
110/220 

16.4 x 8.3 x 15.9 
33 
B 

3/P,L,R 
Call local Hewlett-Packard dealer 
(800) 752-0900 
http://www.hp.com 
1013 



IBM Personal Computer Co. Polywell Computers, Inc. • SAG Electronics Xi Computer Corp. Xi ~omputer Corp. 
IBMPC365 Poly P6-200N 02 STF3000 Xi Pro400 Mtower OP Xi Pro400 Ntower OP 

$7081 $5270 $5650 $4688 $4788 
8.0 8.2 7.9 7.3 7.9 
8.1 8.3 8.0 7.3 7.9 
7.2 7.4 7.3 6.5 6.7 
8.7 7.5 7.4 6.8 8.4 

Intel Pentium Pro 200 Intel Pentium Pro 200 Intel Pentium Pro 200 Intel Pentium Pro 200 Intel Pentium Pro 200 
256 256 256 256 256 
2/2 2/2 2/2 2/2 2/2 
IBM Flash Level 17A AMI 3.0.6 AM l l.0 l Beta Award 4.51 PG Award 4.51 PG 

32/64/512 64/64/1024 64/64/512 32/64/1024 32/64/1024 
DIMM SIMM DIMM SIMM SIMM 
60 60 60 60 60 
V- V- V- V- V-
EDO EDO EDO EDO EDO 

IBM Starlire SX-DFHS (2 .1-GB) Seagate ST15150W (4.3-GB) SeagateST19171W (9. 1-GB) Quantum Fireball 3200AT (3.2 GB) IBM 32160 (2 .25 GB) 
Adaptec PCI Ultra SCSI card Adaptec PCI Fas1lWide Integrated Adaptec PCI Integrated Standard NCR PCI FastlWide 

SCSI-2card Ultra Wide SCSI Micro Systems PCI EIDE SCSI-2card 
V- V- V- V- V-

V-
6x Panasonic LF-1 195, EIDE 6x Toshiba 3701 B, EIDE 8x Plextor PX-83CS, SCSI 8x Goldstar GCD-R580B, EIDE 8x GoldstarGCD-R580B, EIDE 

3/2 0110 3/3 4/3 2/8 
1/2 0/8 2/1 2/3 2/5 
2/0 017 2/2 2/2 116 

Matrox MGA Millennium PCI Diamond Stealth 64 PCI Number Nine Imagine 128 Series 2 PCI Matrox MGA Millennium PCI Matrox MGA Millennium PCI 
1600 x 1280 (85 Hz) 1280xl024 (65 Hz) 1600 x 1200 (83 Hz) 1600 x 1280 (80 Hz) 1600 x 1280 (80 Hz) 
16 8 16 16 16 
4/4/8 2/2/4 4/4/8 2/4/8 2/4/8 

17-inch IBM P70 17-inch Sampo 17MX 17-inch Princeton Graphics E075 17-inch ViewSonic Optiquest V775 17-inch ViewSonic Optiquest V775 
0.26 0.28 0.26 0.26 0.26 
1280 xl 024 (60 Hz) 1280 xl 024 (60 Hz) 1600 x 1280 (75 Hz) 1600 x 1280 (60 Hz) 1600 x 1280 (60 Hz) 

5/3 (3 shared) 4/4 (none shared) 3/1 (none shared) 5/3 (1 shared) 5/3 (1 shared) 
2 2 1 3 3 

111 2/1 2/1 2/1 2/1 
115.2 Kbps 115.2 Kbps 115.2 Kbps 115.2 Kbps 115.2Kbps 
16550 16550 16550 16550 16550 
V- V- V- V- V-

I 2 
V-

None None Integrated None None 

200 300 230 235 300 
115/230 110/240 115/240 110/220 110/220 

V- V- V-

6.3x I 6.5xl7.9 24 x 7.5 x 22.5 19.8x7.5xI7 20x7.8x17 29x8.8x 17.8 
28 70 40 20 35 
B B B A A 

3/P,L,F,R 3/P,R; 5/L,R 2/P,L,F,R 3/P,L,F,R 3/P,L,F,R 
Call local IBM dealer (415) 583-7222 (508) 683-0339 (714) 498-0858 (71 4) 498-0858 
(800) 426-2968 (800) 300-7659 (800) 989-3475 (800) 432-0486 (800) 432-0486 
http ://www.pc.ibm http://www.polywell.com http://www.sagelec.com http://www.xicomputer.com http://www.xicomputer.com 
1014 1015 1016 1017 1018-
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How Multimedia 
Multitools Compare 
.... l1lil1li .. utting on a multimedia pre

sentation used to be a real 
bear. But computer-based 

.. __ • multimedia has changed all 
that. Everything is virtual. 

We found the leading edge in four tools 
on the high end of the scale, all multime
dia authoring packages that run under 
Windows 95 (though some are 16-bit and 
some are 32-bit) ; Macromedia'sAuthor
ware Interactive Studio 3.5 (hereinafter 
Authorware), Aimtech's IconAuthor 
7.0, Innovus's Multimed ia 2.1, and 
Asymetrix's ToolBook II Instructor 5.0. 

As an all-around package for creating 
our test applications-a computer-based 
training (CBT) program and a kiosk pro
gram-ToolBook II Instructor offers the 
best balance of usability and flexibility. It 
comes with the most complete set of tools 
for developing and managing tests, offers 
a bevy oflearning aids (including wizards 
and templates), provides the easiest inte
gration of database information, and sup
ports program distribution like no other 
product. Also, it's the best Web-enabled 
multimedia authoring tool for distribut
ing CBT material via the Internet. 

Macromedia is almost synonymous 
with multimedia, and its Authorware 
package is still the one to beat for pro
ducing games and other audiovisual
intensive material. However, for the test 
CBT and kiosk applications we created, 
the program's flowchart interface was 
less satisfactory than ToolBook II's 
screen-based approach. Authorware sim
ply doesn't do as much to automate mak
ing tests and accessing databases. 

The new kid on the block, Innovus 
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Multimedia, is impressive. Unlike many 
authoring tools, it isn't designed to cre
ate eye-popping audio and video extrav
aganzas. Innovus says the program is for 
"business multimedia." It's best used as a 
kind of programmable, interactive, super 
PowerPoint. The time-line view is help
ful, and its scripting language-compat
ible with Visual Basic fo r Applications 
(VBA)-will be of interest to many peo
ple working in corporate environments. 

BEST 
Asymetrix's ToolBook II Instructor 5.0 

comes with the most complete testing 

too ls and a bevy of learning aids. 

It integrates database information most 

easily and supports program 

distribution features like no other. 

But the package's learning aids and test
writing tools aren't as complete as Tool
Book II's. The next version's Rich Text 
Format (RTF) import facility and Inter
net support will be key enhancements. 

Despite its power and many useful 
mini-applications, lconAuthor's inter
face, database connectivity, and tools 
for formulating tests are more difficult to 
learn and use t han ToolBook II ' s o r 
Innovus Multimedia's. But if you want to 
develop native OS/2 applications, Icon
Author is the only game in town. 

How We Tested 
We modeled our tests on typical multi
media projects likely to be encountered 

Software 

NSTL tests four 
remarkable packages 
for creating 
mixed-media hits. 

By David Seachrist 

in corporate and academic environments. 
Our target user is someone with basic 
knowledge of business software but no 
experience in writing program code . 
Because these tools can be used to build 
a vast range of applications, our ratings 
would likely change if the test application 
had been, for example, a computer game. 

With each product, we created two 
applications. One was a CBT program 
designed to teach the user to playa song 
on t he gu itar; the program includes 
text, graphics, sound, digital video, and 
a test. The second program was an infor
mation-kiosk application tied to a real 
estate database. 

We've evaluated these authoring tools 
primarily on the basis of their ease of 
learning and ease of use. Performance 
isn't a big issue with authoring software; 
speed of operation isn't as important as 
speed and ease of creation, and the time 
needed to add or import fi les into an 
application is minimal compared to the 
time needed to construct and check pro
gram logic. 

Our testers needed approximately two 
days to learn the programs and create the 
two test applications with Authorware 
and IconAuthor. They needed one day 
with Innovus Multimedia and ToolBook 
II Instructor. 

Structure or Content? 
The heart of any authoring process is 
applying structure to content. You need 
both subject matter and a logical way to 
present it. For multimedia authoring, it's 
especially handy to be able to view both 
the structure and the content of a project. 



Visual programming, shown here as implemented in 

Authorware, is the primary model for constructing 

multimedia projects w ith any of these packages. \ 

\ 

., ToolBook II proved to be first rate 
., ., for setting up tests. It has special 

., ., tools that help the developer pre-

., sent questions and answers and 

~.~Ii!IIIII!IIIII!IIII!IIIIII-------II!!J.~ plot actions based on the end
However, the face of visual pro

gramming, as the user sees it, can 

vary considerably from one product 

to another, as illustrated by this 
IconAuthor program. 

, , 
, 
, , 
, 

, , 
, 

, , , , , 

Another authoring model involves 

designing the final screens and 

incorporating any necessary action 
elements into them, as done here 
with IconAuthor. 

user's right or wrong responses. 

., Yet another approach, taken by 
Innovus Multimedia, is based on 

displaying the various project 

elements in a time line. 

A third programming model 

involves a scripting language. You 
record a script, then refine it. Th is 
screen shows ToolBook II's 
scripting language, which is based 

on and compatible with Visual 
Basic for Applications. 

Name your multimedia programming style and it's probably 

supported by one ofthese versatile tools. 

In fact, each of the four tested programs 
offers at least two authoring modes. One 
mode is organizational and provides a top
down view of the components in an appli
cation by showing their sequence and rela
tionship to one another. A second mode 
lets you see how a screen will actually be 
displayed. Innovus Multimedia also offers 
a time-line view that shows graphically the 
timing of all the events and objects tied to 
a given screen. We found this especially 
helpful in crea~ing a screen that plays a 
sound file and a video file. 

Authorware, IconAuthor, and Innovus 
Multimedia all use a visual flowchart for 
structuring applications. ToolBook II uses 
an object browser to view component hier-

archies; its organizing principle is that of 
a book with chapters and pages. In con
structing the CBT application, we found 
that Authorware and IconAuthor lend 
themselves to creating structure first and 
then adding content. Innovus Multimedia 
and ToolBook, on the other hand, are bet
ter suited to starting with the content and 
developing screens on-the-fly. 

All the packages allow you to create 
applications using visual programming 
techniques, though the emphasis varies 
from program to program. Authorware 
and IconAuthor, for example, offer on
screen icons that work like elements of an 
electronic flowchart. To add a bit of pro
gramming logic to an application, you drag 

an icon that represents the desired pro
gramming construct into the flowchart 
area of the screen. Authorware in partic
ular rewards those who plan their text 
ahead. But as the project grows longer and 
more complicated, you have to consoli
date the individual programming con
struct icons into compound icons, making 
it harder to maintain the bird's-eye view 
of the application. 

ToolBook II's visual programming 
emphasis is on screen design. Making a 
button to playa video involves selecting a 
button tool, much as you would draw with 
a rectangle tool in an illustration program. 
After creating the button, you select menu 
options in order to assign properties that 
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MULTIMEDIA AUTHORING TOOLS 

BEST OVERALL 
Asymetrix ToolBook II Instructor 5.0 

Multiple Choice - Question Properties 

ToolBook II balances usability and flexibi lity with a wealth of construction 
and management tools, learning aids, and integrated Web features. OK 

PRICE (NEW/UPGRADE) TECHNOLOGY IMPLEMENTATION USABILITY OVERALL VALUE 

ToolBook II Instructor 5.0 $1995 **** ***** ***** **** 
Authorware Interactive Studio 3.5 $ 4995/$595 **** **** **** **** 
IconAuthor 7 $ 1295/$895 *** *** *** *** 
Innovus Multimedia 2.1 $495/$150 *** *** *** *** 
***** Outstanding **** Very Good *** Good ** Fair * Poor 

define how the button will work. 
All four programs offer strong features 

for application development and pro
gramming constructs, including the abili
ty to create and evaluate variables, build 
looping and branching structures, accept 
and evaluate user input, and provide feed
back. The powerful scripting languages in 
ToolBook II , Authorware, and Innovus 
Multimedia give these programs an advan
tage in a corporate environment with 
skilled programmers. Innovus's script lan
guage is compatible with VBA, and Tool
Book II allows access to VBX controls to 
extend its power. All four programs sup
port OLE, but on ly Authorware and 
Innovus currently support OLE 1.0 and 2.0. 

Text in Context 
Although "multimedia" conjures images 
of splashy graphics, sound, and video, text 
remains the fundamental means of com
munication. Any authoring tool worth its 
salt must provide flexible and easy-to-use 
text tools. The text editing environments 
in all four programs will see)l1 below par 
compared to today's word processors. For 
example, Innovus Multimedia won't let 
you italicize just one word in a block, and 
you have to edit a block of text in a dialog 
rather than directly on-screen. lconAu
thor's text editing is also less fluid than oth
er aspects of the program. 

Still, these packages are primarily for 
combining content, not creating it. Each 
one can import text, so you would nor
mally edit and format screen text in with 
your word processor, then import it into 
the authoring program. With Innovus 
Multimedia, you can't currently import 
RTF files, just straight ASCII text, which 
doesn't maintain formatting attributes like 
bold type and character size. The next ver
sion, due out in November, will contain 
an RTF import capability. 
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Authorware offers the best text import, 
with the option to interptet page breaks as 
new screens. This really saves time when 
designing screens with lots oftext. Innovus 
allows a similar option with straight text 
files, but the fi les require careful format
ting with tabs, not page breaks. 

Graphics and AV Tools 
All four tools are good for creating, 
manipulating, and importing graphics. We 
did find that Authorware doesn't import 
]PEG graphics, and ToolBook II initially 
threw us for a loop until we learned that 
it loads ]PEGs through its resource man
ager rather than through its graphic 
import option. 

The relatively modest use of video and 

Making the Data Connection 

audio in our CBT test application didn't 
challenge any of these tools. It was easy 
to attach sound files of guitar chords to the 
]PEG photos of the chords being played 
and to attach AVI (Video for Windows) 
files for video of the song being played. 
The only tricky element was synchroniz
ing the video playback with the sound file. 
But all the programs control playback 
speed and can start and stop audio and 
video files easily. 

Authorware has the most extensive 
audiovisual tool set, mainly because 
Macromedia bundles Director and Sound
Forge with it. But its tools are really geared 
toward bu ilding an audiovisual produc
tion, not the kind of application our tests 
focused on. You can make drawn objects 

DATABASE 

Many types of multimedia applications-encyclopedias, kiosks, even some games-depend 

on sophisticated databases. For these applications, a tool that supports database access is a 
necessity. All the products we tested offer some form of database support, but they vary dras

tically in how easy these functions are to use. 

ToolBook II Instructor was by far the easiest for adding a database to our kiosk applica

t ion. ToolBook has a database utility that parses database files and automatically creates a 
database front end with fields, labels, and browsing buttons. Unfortunately, whatToolBook 

gains in ease it loses in flexibility because dBase and Paradox are the only two file formats it 

supports. The other three programs are all compliant with Open Database Connectivity (ODBC) 

and support many database formats through the Microsoft ODBC driver. 

Of these three, Innovus Multimedia was the easiest to use to add the database to the 

kiosk. It aids in formatting the screen by adding the field placeholders and record naviga

tion buttons. In both Authorware and lconAuthor, the application designer has to add the 

proper field placeholders, labels, and record navigation buttons manually and individually. 

The process lacks the automation found in Innovus Multimedia. 

Authorware's tutorial material for creating a kiosk application is less than satisfactory. 

The program comes with a sample application describing how to set up connections to vari

ous database formats and a booklet on connecting to databases using Microsoft's ODBC 

driver. But to succeed in using a database with an Authorware-constructed project, you will 

need a working knowledge of database structures and SOL statements. There are no automated 
tools t o help here. 



move in a designated path (path anima
tion), and you can create simple cel (frame
by-frame) animations. Although Tool
Book's animation and video tools aren't 
as complete as Authorware's, the program 
offers ancillary video capture and editing 
software at minimal additional cost. 

Testing 
ToolBook II is the environment of choice 
for creating courseware, although a third
party course management package is 
available at extra charge for Authorware. 
ToolBook II lets you develop interactive 
tests that use a wide variety of prede
fined question types (multiple choice, 
true/false, etc.). Its course management 
system allows an administrator to track 
students' progress and test scores. Design 
tasks- specifying correct and incorrect 
answers, answer feedback, and scoring
are all properties of question objects that 
the application designer can set from a sin
gle tabbed dialog box. This was by far 
the easiest approach to learn and use. 
Innovus Multimedia has question objects, 
but with fewer options. Authorware and 
IconAuthor have programming con
structs to facilitate formulating test ques
tions but lack the others' easy, object-ori
ented interface. 

Program Distribution 
Once an application is finished, it's time 
to distribute it. Authoring tools that can 
save programs as EXE files, easily manage 
resources (such as digital video, sound 
files, and drivers), and add an installation 
program can simplify this job. 

All four packages let you freely distrib
ute run-time players. IconAuthor, Innovus 
Multimedia, and ToolBook II have distri
bution programs that let you manage pro
gram resources and create floppy disk sets 
complete with an installation program. 
ToolBook II and Authorware allow you to 

save your programs as executables, so you 
don't need a run-time player. All in all, the 
packaging capabilities ofToolBook II and 
Innovus Multimedia are more complete 
than Authorware and easier to learn and 
use than IconAuthor. 

Platform Support 
Authorware is the only program we test
ed that runs as an authoring and playback 
application under both Windows and the 
Mac os. IconAuthor offers OS(2 author
ing and playback capabilities in addition 
to Windows support. Authorware and 
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F EAT U RES 
Authorware IconAuthor Innovus ToolBookli 

Multimedia 

GENERAL FEATURES 
Authoring metaphor Flowchart Flowchart Flowchart Book/Page 
Built·in database II'" 
OOBC support II'" II'" II'" 
Includes screen/page layout templates II'" 
Training/course management (A) II'" 

CROSS-PLATFORM COMPATIBILITY 
Windows 95: Authoring, playback II'" 16·bit II'" 16·bit 
Windows 3.1 : Authoring, playback II'" II'" II'" II'" 
Macintosh: Authoring II'" 
Macintosh: Playback II'" Future Via Web 
OS/2: Authoring, playback II'" Web playback 
Windows NT: Authoring, playback II'" 16·bit 16·bit 
Unix: Authoring, playback Future Web playback 

APPLICATION DEVELOPMENT 
OLE 1.0 and 2.0 support II'" OLE1.0 II'" OLE1 .0 
VBXsupport II'" 
Scripting language II'" 11"'. II'" 
Script recorder II'" II'" 
WYSIWYG structure/screen design II'" II'" II'" screen only 
Hypertext, hypermedia links, II'" II'" II'" II'" 
event handling 
Assign procedures to screen controls II'" II'" II'" II'" 
Program flow statements (B) (B) II'" II'" 
Integrated debugging environment II'" II'" II'" II'" 

TEXT TOOLS 
Import RTF and ASCII files II'" II'" (C) II'" 
Search and replace II'" II'" (0) II'" 
Text search and retrieval tools II'" II'" 

DRAWING AND IMAGE TOOLS 
Number of graphics formats imported 7 34 14 20 
Pen, line, rectangle, oval tools, II'" II'" II'" II'" 
snap·to grid 
Image manipulation II'" II'" II'" 
Graphics object manipulation II'" II'" II'" II'" 
commands 
Clipart and tools included II'" II'" II'" II'" 

ANIMATION AND VIDEO TOOLS 
Number of animation/movie 5 7 5 6 
formats imported 
Path, frame·by·frame animation II'" II'" II'" II'" 
Automatic, polymo:phic in·betweening II'" 
Animate text II'" II'" II'" 
Video capture and editing tools II'" II'" II'" extra cost 
Video control tools II'" II'" II'" II'" 
Transition effects (fades, wipes, etc.) II'" II'" II'" II'" 

AUDIO TOOLS 
Number of sound formats imported 3 3 3 3 
Sound synchronization II'" II'" II'" II'" 
Control sound speed, duration, II'" II'" II'" II'" 
sequence 

INTERNET AND DEPLOYMENTTOOLS 
Package to Web server II'" II'" II'" 
Save to HTML and Java II'" 
FTPutil itytotransferfilesto Web server II'" II'" II'" 
Can be run from Web browser using II'" II'" II'" 
player software or plug·in 
Network deployment II'" II'" II'" II'" 
Free run·time player II'" II'" II'" II'" 
Create distribution disks with II'" II'" II'" 
install program 
Create stand· alone executables II'" II'" 

V = Yes 
A = Third·party application 
B = Branching, conditional branching, and repeat until 
C = Import ASCII (' .txt) files; RTF files supported via a separate RTF editor included with the authoring software. 
0= Available in script editor environment 
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New Products, New Properties, New Prices 
The range and number of multimedia authoring tools is expanding at 
an amazing rate. When NSTL started this evaluation a few months 
ago, none of the programs in th is report were available for under 
$1000, and two were priced at $5000. But since then, several ven
dors have changed their pricing drastically. Authorware is the only 
program that remains at $5000; rather than reduce price, Macro
med ia decided to add value by bund ling Macromedia Director, 
Extreme 3D, SoundForge XP, and xRes with the product. 

scripting language, which is extensible. With mTropolis, you create 
your multimedia program once and can then deploy it on the Macin
tosh (68K and PowerMac) and on Windows 3.1 and 95 platforms. 
Cost is $1195. 

Oracle Media Objects 1.1 

Several other programs were outside our focus or arrived too late 
for inclusion in th is review. While we didn't put them through the rig
ors of our testing program, they are packages worth considering. 

Corel Click & Create 2.0 
This international production (a U.K. product sold by a Canadian com
pany) is aimed at a variety of multimedia developers and uses. The 
$695 package ($249 update) uses a storyboard paradigm, makes 

Oracle's entry, as you might expect, readily connects to Oracle data
bases and is focused heavily on entertainment and interactive broad
cast production as well as corporate communications and training. 
With this product, you can build your program on either a Windows 
machine or a Macintosh, then play it back on either platform or-tada!
Apple's forthcoming set-top box. W ith that addition, as well as Ora
cle's commitment to Web computers, this$495 package may become 
an important player in the multimedia market. 

PowerMedia 2.0 

heavy use of drag-and-drop editing , and 
supports DirectX video, WinG, ODBC 
databases, QuickTime, and Rich Text For
mat. As with most Corel applicat ions, it 
comes with hundreds of fonts, clipart, ani
mation files, and video clips (on two CD
ROMs). 

RadMedia's authoring package is a good bet if you don't need data

mTropolis 1.1 
A heavy-duty performerfrom mFactory, th is 
program lets you build applications out of 
reusable objects. It's intended primarily for 
designing commerc ial CD-ROMs and 
Internet presentations. It rel ies heavily on its 

Corel's Click and Create, with its time line 

and storyboard, is especially versatile. 

Innovus Multimedia run as 32-bit appli
cations under Windows 95. 

But platform-specific support becomes 
less critical as the World Wide Web grows 
in popularity. Already, ToolBook II is pow
erfully Web-enabled; it can save applica
tions in Hypertext Markup Language 

(HTML) and Java formats, has a browser 
plug-in, and offers templates for building 
applications distributed via the Web. 
Authorware also offers a browser plug-in, 
and end-users can configure Authorware 
and IconAuthor run-times as helper appli
cations. Innovus Multimedia plans Inter-

PRODUCT INFORMATION 

Authorware 3.5 
$4995 ($595 upgrade) 
(486.8 MB;16 MB recommended) 
Macromedia 
San Francisco, CA 
(800) 326- 2128 
(415) 252-2000 
fax: (415) 626-0554 
http://www.macromedia.com 
Circle 1022 on Inquiry Card. 

IconAuthor 7.0 
$1295 ($895 upgrade) 
(486,8 MB;16 MB recommended) 
Aimtech 
Nashua, NH 
(800) 289-2884 
(603) 883-0220 
fax: (603) 883-5582 
http://www.aimtech.com 
Circle 1023 on Inquiry Card. 

Innovus Multimedia 2.1 
$495 ($150 upgrade) 
(486SX, 8 MB; 16 MB 
recommended) 

Innovus 
Salt lake City. UT 
(800) 433-1806 
(801) 463-8200 
fax: (801) 484-9561 
http://www.innovusmm.com 
Circle 1024 on Inquiry Card. 

ToolBook II Instructor 5.0 
$1995 
(386DX, 8 MB; 12 MB 
recommended) 
Asymetrix 
Bellevue, WA 
(206) 462-0501 
fax: (206) 637-1650 
http://www.asymetrix.com 
Circle 1025 on Inquiry Card. 

Corel Click and Create 2.0 
$695 (upgrade $249) 
Corel 
Ottawa, Ontario, Canada 
(613) 728-8200 
http://www.corel.com 
Circle 1026 on Inquiry Card. 
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mTropolis 1.0 
$1195 
mFactory 
Burlingame, CA 
(415) 548-0600 
http://www.mfactory.com 
Circle 1027 on Inquiry Card. 

Oracle Media Objects 1.1 
$495 
Oracle 
Redwood Shores, CA 
(415) 506-7000 
http://www.oracle.com 
Circle 1028 on Inquiry Card. 

PowerMedia 2.0 
$495 
RadMedia 
Palo Alto, CA 
(415) 617-9430 
fax: (415) 473-6826 
http://www.radmedia.com 
Circle 1029 on Inquiry Card. 

base support (though the company prom is
es thatfor the future). What your $495 buys 
now is a storyboarding environment that 
enables easy Web distribution with one
cl ick hyperlinking and generating of Hyper
text Markup Language files. You also get 
hundreds of screen layouttemplates; good 
support for a wide variety of graphics, video, 
and audio imports; an image editor; and 
illustration tools. This will be of interest to 
people developing educational course
ware, Internet advertising, entertainment 
tit les, and corporate communications. 

net capabilities for the next version, due 
out in November. 

In the final analysis, ToolBook II is our 
top pick because it does the best job ofbal
ancing ease of use with a rich set of fea
tures. Innovus Multimedia, which takes a 
minimalist, Power Point-like approach, 
would be our second choice, especially for 
developing simple presentations. Ii) 

David Seachrist has tested software for NSTL 

for 10 years, concentrating on desktop publish

ing and graphics. You can reach him at 

dseachrist@prodigy.com. 

Evaluations in this report represent the judg

ment of BYTE technical editors, based in part 

on extensive tests conducted by National 

Software Testing Labs, as documented in a 

recent issue ofNSTL's monthly Software 
Digest. To purchase a copy of that report, 

with NSTI:s own evaluations and data, con

tact NSTL at 625 Ridge Pike, Conshohock

en, PA 19428; (610) 941-9600; fax (610) 

941-9950; editors@nstl.com. For a sub

scription, call (800) 257-9402. BYTE Mag

azine and NSTL are both operating units of 

The McGraw-Hill Companies. 



If you thinl~ file mmsfer is all we do, 
you need some time away from the office. 

D~m To appreciate how much more LapLinll 

~:~;::so~~ for Windows®95 has to offer, all you have 

to do is hit the road. 

Wherever you go- across the hall, across 

town or across the country- if you've got LapLink, 

you have everything you need to access anything 

you want on your desl<top or your network. 

With this single piece of software, you 

can read and send e-maJ, run databases and 

custom applications, synchronize data and, yes, 

even transfer fJes. 

Since there's no need to change apps to 

do all these things, there's no need to hang up 

and redial. And since LapLink worb the same 

way over modems, IPX and TCP/Ip 'networl<s, 

serial cables, parallel cables, wireless, even the 

Internet, there's no need to laboriously reconfigure. 

And there's no need to worry about 

compatibJity. Our 16-bit version is buJt right 

into LapLinl< for Windows 95, so connecting 

to Windows 3.1 systems is no problem at all. 

By now, you probably can't wait to get your 

hands on the latest LapLinl<. So you'll be glad to 

know that upgrading- from an earlier LapLinl<, 

or from another product altogether-is ridiculously 

inexpensive. Call 800-224-7704. Better yet, see 

your reseller. It'll give you an excuse to get away 

from the office. 

© 1996 Traveling Software, Inc . LapLinl, is a registered trademark of Traveling Software. http://www.travsoft.com 
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Jon Udell 

I use Alta Vista to 

On-Line 
Componentware 

build BYTE's Metasearch 
application and realize 
that every Web site is a 
software component. 

oftware components can turn 
up in the unlikeliest places. 
In our May 1994 cover story 
("Componentware," http:// 

www.byte.com/art/9405/sec5/sec5.htm). 
for instance, we pointed out that object
oriented programming (OOP) technol
ogy had failed to produce a rich harvest 
of plug-and-play software objects. How
ever, we showed that Visual Basic custom 
control (VEX) technology-a hastily con
ceived mechanism for Visual Basic plug
ins-had, to everyone's surprise, jump
started a thriving component-software 
industry. 

Fast-forward to 1996. I want to proto
type a Web-search application that em
braces BYTE and five fellow McGraw
Hill publications. I have only a few hours 
to spend on the task. What component 
can I pull off the shelf and use? Java or 
ActiveX components? They're coming, 
but they're not here yet. Distributable 
search engines? They exist, but deploy
ment across six Web sites will take more 
than the allotted few hours. 

As I drove home from work, I sudden
ly knew where to find the right compo
nentforthe job. It was sitting in plain view 
at http ://www.altavista.digital.com/. 
That's right-Digital Equipment's Alta
Vista, a public Web site, is also the soft
ware component that let me prototype 
the McGraw-Hill Metasearch applica
tion before I went to bed that night. 

A powerful capability for ad hoc dis
tributed computing arises naturally from 
the architecture of the Web. This month's 
column demonstrates that fact, in a com
pelling way, using AltaVista as an exam
ple. But the technique that I describe here 
applies equally to The BYTE Site or any 
public Web site. My intent is only to dem
onstrate the technique and consider how 

Goto;t~~:~~asearcb.pI --

~ BYTE's McGraw-Hili Metasearch: 
isdn+near+internet 
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In only a few hours. I created an application that intercepts 

AltaVista search results and groups them by site of origin. 

it enables large-scale software compo
nentry. For commercial-grade solutions 
that leverage AltaVista, check out the 
AltaVista Business Extensions at http :// 
altavista.software.digital.com/sitemap/ 
nfbusexten.htm. 

Web Site as Software 
Component 
Brad Allen, who created Quarterdeck's 
WebCompass, first showed me how a 
\Veb site can work as a software compo
nent. At Fall Comdex in 1995, he plugged 
The BYTE Site into WebCompass and 

showed how Quarterdeck's product 
could add value to our site's native search 
function. Howwas this possible? If there 
is a telnet on your system, try doing this 
experiment: 

telne t www . byte.com 80 
get / 

The above sequence transmits an HTTP 
GET request to the BYTE Web server and 
then asks for the server's root document. 
What telnet subsequently spews forth 
will be the Hypertext Markup Language 
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(HTML) source text of BYTE's home page. 
Internet newcomers are often surprised 

to learn that the Web is built on such asim
pIe mechanism. Old hands just take it for 
granted because they're familiar with oth
er Internet applications that work the same 
way. For example, te 1 net to dev4. byte 
. com on port 119 and enter he 1 p to reveal 
the NNTP command set of BYTE's news 
server. And below is a way that you can 
query the BYTE archive and our Virtual 
Press Room for documents that contain 
references to NNTP: 

telnet dev5.byte.com 80 
get Icgi-bin/sw2.p l ?keywords= 
nntp&index=both 

Like all Web sites that run scripts to gen
erate pages, The BYTE Site has an implic
it API. It's not documented, but it's easy 
to discover. Just run an interactive search 

and then view the source of the results 
page. There you will see how the form 
variables keywords and i ndexcontrolthe 
several search engines that are running on 
the site. 

When you query interactively, those 
variables are transmitted by way of a tem
porary file using the HTTPPOST method. 
However, an equivalent command line 
that uses the HTTPGETmethod, as shown 
above, works just as well. 

A Naive Implementation 
of Metasearch 
A little interactive experimentation with 
AltaVista revealed the API that I needed to 
call to implement Metasearch. I exploit
ed AltaVista's fielded search capability to 
isolate a set of Web sites, like this: 

q=host:www.byte.com+and+host: 
l antimes . com+and+nntp 

I couldn't expect users to telnet to Alta
Vista and type this junk. So my first naive 
implementation was a Web form that called 
a BYTE Site script that returned another 
form that called Alta Vista. 

Sound squirrelly? It was. I needed the 
first form to capture the search keywords, 
the script to interpolate the keywords into 
a Common Gateway Interface (CGI) re
quest template, and the second form to 
present the final request to the user as an 
action that could be invoked via an HTML 
Submit button. 

WhenJ avascript and VBscript stablilize, 
they'll eliminate the need for many of these 
CGI gymnastics. Simple active-client tech
nology could have streamlined my naive 
implementation. But if Metasearch did 
nothing more than point the user's brows
er at AltaVista, 1'd still call it naive. 

The finished application does more. It 
adds value by intercepting the results that 

Getting Along with AltaVista 

W eb-component interactions run back 
and forth along a two-way street The 

BYTE Site now uses AltaVista as a compo
nent of Metasearch. But conversely, Alta
Vista uses The BYTE Site as a content-pro
viding component. We're the source of about 
5000 of the nearly 20 million pages in Alta
Vista's vast index. The API that AltaVista (or 
any robotic indexer) uses to access The BYTE 
Site (or any Web site) is the same as the one 
that humans use: uniform resource locators 
(URLs). Thus, you don't need to do anything 
special to make your site a pluggable Alta
Vista component 

Some Webmasters worry-with reason
that a robotic indexer will fetch too many 
pages too quickly and render a site unre
sponsive to normal users. That isn't a prob
lem with AltaVista, which adapts dynamical
ly to your site 's ability to pump out pages. 
When I first heard about AltaVista last win
ter, I was amazed to learn it had already in
dexed our site. 

Why the surprise? After a few other ro
bots had applied heavy suction to our server, 
I added a "pig report" to my daily log pro
cessing. It highlights visitors who pull more 
than 1 percent of any day's pages. These 
high-volume customers are invariably Web 
crawlers. I like to keep track of who they are 
and how they use the data they vacuum out 
of my server. 

But AltaVista never showed up on the pig 
report. Its inventor, Louis Monier, later ex
plained why. Scooter, the AltaVista spider, 
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measures the time it takes to fetch a page 
from each of the hundred·odd sites it visits 
concurrently. It multiplies that interval by what 
Monier calls a "good·guy factor" and waits 
that long between fetches. Thus, Scooter 
can concurrently fetch once per second from 
a major site on a T3 link, and once every 5 
minutes from a minor site on a 28 .8-Kbps 
dial·up link. 

The Robot-Exclusion Standard 
There's an API that can govern site/Web
crawler interaction. It's called the robot-ex' 
clusion standard, and your site implements 
it by placing directives into a file called 
robots . txt at the Web-server root Here 
is the robots . txt fi le that I use on several 

AltaVista's Altruism 
Problem: Robotic indexers can clog your 
Web site by trying to fetch too many 
pages too quickly. 

Solution: AltaVista's indexer, called 
Scooter, multiplies the time it takes to 
fetch a page by a "good-guy factor." 
Thus, Scooter dynamically adapts itself 
to each site's abi lity to send out pages. 

Result: Scooter may call upon a major 
site w ith a T3 link to pump pages at a 
rate of one per second, while the rate for 
a site with a 28.8-Kbps link may be one 
every 5 minutes. 

BYTE Site development servers to lock out 
robots completely: 

User - agent : * 
Disallow : / 

Why? A few months back, I did an Alta
Vista search and turned up URLs pointing 
not only to http://www.byte.com. but also to 
a backup archive on one of my development 
servers. I checked its log and found that 
about 5 percent of the official site's traffic 
had diverted to the backup server. Worse, 
the archive was several months out of date. 

How did this happen? I'd let a page on 
the official site include a pointer to an unre
stricted subtree on the backup server. Scoot
erfound the hole and jumped through. Yikes! 

To prevent Inktomi and WebCrawler and 
the rest from following suit, I plugged the 
hole using access controls and (for good 
measure) robots . txt . ButAltaVistatothis 
day remembers these unofficial U RLs, and 
there 's no way I can make it forget them. 

An ambitious fix would be to regenerate 
the archive on the backup server, substitut
ing redirection headers for documents. My 
less ambitious fix was to lock down the back
up server and rig it to tell people to look in
stead on http://www.byte.com. lfyou.reone 
ofthose people, I apologize for allowing the 
sorcerer's apprentice to run amok. Learn 
from my mistakes and use robots. txt 
(along with regu lar access controls) to pro
tect what you don't want to publish. 
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Web Project 

AltaVista returns and grouping them by 
site of origin (see the screen on page 129). 
You could achieve this effect using ad
vanced active-client technology- a Java 
program or an appropriately scripted Ac
tiveX control. Or, since these technologies 
are not yet widespread and stable, you 
could do it on the server side with conven
tional CGI techniques. Because I wanted 
to write the application in a few hours and 
know it would work on most installed 
browsers, I chose the latter approach. 

Script Control 
There are several Perl libraries that you 
can use to call uniform resource locators 
(URLs) from your own Perl scripts (see 
CPAN, the Comprehensive Perl Archive 
Network, at many URLs, including ftp://ftp 
.digital.com/pub/plan/perl/CPANI). Two 
that I've tried are Roy Fielding's libwww
perl (http://www.ics.uci.edu/pub/arcadia/ 
libwww-perl/ ) and Jim Richardson's Wire 
. pm (http://www.maths.usyd.edu.au: 
8000/jmr/perl/PerICode.html). 

For arbitrary reasons, I used Wire. pm, 
but libwww-perl (or another equivalent 
package) would also have worked. With 
any of these, you can pass a URL to a library 
function that "calls" it and "returns" the 
resulting HTML document (or perhaps just 
an HTTP header), which you assign to a 
Perl string variable. Then you can use Perl's 
unparalleled string-handling power to 
analyze and act on the result page. When 
that page is program output, it will typi
cally exhibit a regular, repeating structure. 
Parsing these kinds of pages is like shoot
ing fish in a barrel. 

There was one complication. Rather 
than issuing a single request that combines 
all the Web sites that are checked on the 
form, Metaseach instead issues one re
quest per site. Why? AltaVista chunks its 
results across a series of pages that must be 
fetched sequentially. A search that pro-

iliOOLWATCH 

QuickDNS Pro 
$290 

Men and Mice 

Reykjavik, Iceland 

http://www 

.menandmice.com 

Who says you need a Unix box to provide 

DNS service for your site? QuickDNS Pro 

does it very nicely on a Macintosh. 
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Plugging In the Linux Box 

A few months back, analysis of the keywords used to search The BYTE Site revealed that 
•••••... Linux ranked fifth. Clearly, a lot of visitors knew something I didn't, and I resolved to find 

out what. 
Today, a P150-based Dell running the Caldera distribution of Linux is an increasingly im· 

portant pillar of The BYTE Site. All our conferences run there; IN ND supports newsreaders, 
and Apache provides an alternate Web·based view. I transfer files between W indows NT 
servers and Unix servers using Samba, a nifty 5 M B utility that makes the Linux server look like 
an NT peer fi le server. 

And when I found that the key component of Metasearch (a Perl 5 module called W ire. pm) 
d idn't like my NT Perl setup, I didn't waste time figuring out why. (A lot of Perl tools, though in 
principle are portable, in practice work better w ith Unix.) It was easier to build and run Meta· 
search over on the Linux box, so I did. 

What's delightful about Web development is that the components you build can float effort· 
lessly from one p latform to another. NT and Unix offer complementary strengths. Exploit them 
both. And if you want to deploy a Unix system as part of the mix, Linux is a really useful one. 

duces hits for all the selected sites often 
won't represent each of those sites on the 
fi rst results page. That mandated a multi
request strategy . 

One approach would be to thread a se
ries of requests using the URL that's behind 
the Next link on every AltaVista result 
page. But how to decide when to stop? 
One query might yield a few result pages; 
another, dozens. So I opted for one page 
of results per selected site. 

Doesn't that mean each site ' s results 
aren't fully enumerated? Yes. There are 
other problems, too. Metasearch is only 
as current as the most recent Alta Vista vis
it to the sites I list. And it forces you to 
wait twice-once for AltaVista to return 
the results to The BYTE Site, and again for 
Metasearch to process them and return a 
final page to you. 

Metasearch isn't a real solution. Some 
commercial-grade solutions are available 
from Digital, including one that will "cus
tom crawl" a group of sites and maintain 
a separate index for that group. I describe 
Metasearch here only to show how the 
Web is transforming software develop
menteven more profoundly than it's trans
forming publishing. 

A Web of Components 
It should be clear to you now that you 
can use tools such as libwww-perl and 
Wire.pm to quite easily construct your 
own customized link checkers and Web 
spiders. Why bother? Well, I've tried a 
bunch of shareware and commercial link 
checkers, and none that I've found can 
integrate easily and well with my site-man
agement procedures. 

But spiders and link checkers merely 

scratch the surface. Imagine a cousin 
to Metasearch called Metaorder, which 
would automatically spring into action 
when you ordered a subscription to BYTE 
using our site's order form. Metaorder 
might need to update four or five differ
ent databases in different locations around 

Where Wizards 
Stay Up Late: 
The Origins of 
the Internet 
$24 

by Katie Hafner 

and Matthew Lyon 

Simon and Schuster 

http://www.simonsays.com/ 

Ta les from the sixties, when the Internet 

was just two t in cans and some string. 

the world. Each of these databases might 
use a different engine and run on a differ
ent as, but all could be avai lable (behind 
layers of encryption and authentication) 
on the Web. 

Metaorder could therefore orchestrate 
a heterogeneous two-phase commit. The 
"APls" at each of the sites will have been 
built anyway to support browser-based 
interactive execution of these several tasks, 
per corporate intranet objectives. Once 
that's done, it shouldn' t take 18 worker
months to prototype Metaorder. It should 
take a day. iii 

Jon Udell is BYTE's executive editor for new 
media. You can contact him by sending e-mail 
to jon_u@devS.byte.com. 
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SPECIAL REPORT 

YOUR NEXT OS 
What to consider when evaluating 
next-generation operating systems. 

By Dick Pountain 

n this Special Report, we'll evaluate the next-generation 
implementations of three major as platforms: Unix, with its 
continued enhancement of 64-bit architectures; Windows NT 

and the stops and starts of what has been known as Cairo; andApple's 
Copland, which will arrive piecemeal over the coming months rather 
than as one integrated package. 

Whether you're committed to one of these platforms or 
you're considering a switch to a different one, the decisions 
you make today will affect your as strategy for years to come. 
How do you begin to evaluate tomorrow's operating systems? 
Start by analyzing six key areas. 

ROBUSTNESS 
An enterprise-level OS ought to run in protected mode and 
employ preemptive multitasking, so errant programs can be 
killed off without bringing down the os itself. Windows NT and 
Unix both offer such protection now. However, some people 
are concerned about the robustness of the new kernel-mode 
graphics driver scheme in NT 4.0 (which will presumably persist 
in forthcoming versions) compared to the slower but safer 
scheme in earlier NT versions. 

Copland still represents only a partial answer to Macintosh 
robustness. Copland's new microkernel runs applications, as far 
as possible, in protected memory, but it must allow kernel access 
from old applications to maintain System 7.x compatibility. 

MULTIPROCESSING 
What's driving the move to multiple CPUs? Partly the perfor
mance requirements of network servers; partly processing-inten
sive client-side applications, such as rendering 3-D graphics 
and calculating large spreadsheets. These applications don't 
require massively parallel supercomputers, just rather modest 
symmetrical multiprocessing (SMP) systems that use shared mem
ory and an OS that automatically distributes multithreaded appli
cations over different CPUs. NT already supports one to four 
processors, and machines like Intergraph's four-Pentium graph
ics pes are exploiting NT's multiprocessing capabilities. At the 
same time, specialist vendors like Sequent run NT with up to 28 
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CPUs. The Cairo development effort worked at refining the exist
ing thread-allocation algorithms to achieve better load balanc
ing between the CPUs. 

Apple desperately needs to provide SMP ability for Power 
Macs to keep its traditional high-end graphics users from defect
ing to NT to reduce rendering times. Copland will introduce SMP 
with the microkernel's Thread Manager, which can allocate 
threads to multiple CPUs. However, backward compatibility may 
constrain Copland's SMP abilities. 

Unix has supported multiprocessing for years, and most mas
sively parallel supercomputers run Unix-derived OSes. The main 
commercial Unix variants, such as SCO, Solaris, and UnixWare, 
all support SMP, and such systems often run with up to 64 CPUs. 

CONFIGURATION MANAGEMENT 
Perhaps the greatest single disadvantage of PCs today is the night
marish difficulty of maintaining large numbers of them. Every 
new peripheral requires new drivers, which get updated fre
quently. Current PC OSes offer little assistance to a system man
ager who has to install new drivers on hundreds of machines. 

Mature software version control has become a critical issue. 
OS upgrades commonly overwrite-without asking-system 
DLLs with new versions that break existing software installa
tions. The Windows 95/NT registry scheme, for example, is inad
equate and should be strengthened or replaced. Copland will 
track software revisions with a service called Patch Manager. 

Unix management has traditionally been a matter of main
taining many text-based configuration files, the contents of 
which are a mystery to all but the gurus. Windows NT and the 
Mac OS have the advantage of GUls and interactive configura
tion utilities. Even so, the sheer number of PC peripherals ven
dors has made management more and more arduous. Hence 



Plug and Play becomes vital, and its absence has stalled wider 
acceptance of Windows NT. 

The Macintosh has long been blessed with true plug and play 
and easy configuration (possibly due to less nonproprietary hard
ware). But with the growth of a clone Mac market, this could 
become an issue. Copland's hardware abstraction scheme, which 
organizes device drivers into related families, will maintain some 
discipline while still allowing third-party vendors to differenti
ate their products. 

NETWORK CONFIGURATION 
As networks grow, an administrator must get help from the os 
to remotely configure systems and share configuration changes. 
Windows NT centralizes user management onto a single prima
ry domain controller. But if network growth requires multiple 
domains, it becomes a beast. Microsoft's plan is to organize mul
tiple domains into a tree 

solution is to move up to 64-bit OSes (see "Unix Leads the 64-
bit Charge" on page 139). Microsoft has only just started offer
ing PC users a fully 32-bit os: NT, not the 16-/32-bit hybrid that 
is Windows 95. 

The main attraction of these next-generation OSes is that you 
can access more memory through 64-bit addressing. A 32-bit 
address space allows up to 4 GB of memory. Until recently, most 
users have regarded gigabyte memories as quite enough (if not 
pure fantasy), but the rise of client/server computing has us con
templating servers that cache huge databases entirely in RAM to 
speed up access rates. Gigabytes of memory suddenly makes 
sense as a giant disk cache. And a 64-bit address bus and os can 
access up to 18 billion gigabytes. 

Windows NT already runs on DEC's 64-bit Alpha chips. To 
push NT as a server os, Microsoft needs to let Alpha users fully 
exploit its 64-bitness, or Unix may tempt them away. However, 

the lack of 64-bit applica
structure like that of arch
riva l Novell's NetWare 
Directory Service (NDS). 
Future versions of NT will 
also support multiple mas
ter domain controllers, giv
ing remote branch offices 
connected via WANs more 
independence while still 
maintaining system coher
ence. Microsoft also plans 
retooled directory services 
to simplify managing mixed 
networks by unifying log-in 
and administration proce
dures. The Open Directo
ry Services Interface (ODSI) 
is intended to do for direc-

OS Features Checklist 
tions, plus Intel holding 64-
bit addressing for its next
generation Merced chip, 
means that this is not a top 
priority for Microsoft, or 
most of its users, just yet. 

Symmetric multiprocessing 
support 

Protected-mode kernel 

NT 

V' 
V' 

Per'process memory protection V' 
Preemptive task scheduling V' 

Multithreaded execution 

Automatic hardware detection 

Copland 

Nottor 
legacy code 

V' 
V' 

64-bitUnix 

WHEREFROM 
HERE? 

Component architecture 

Extensible OS kernel 

ActiveX Open Doc Various 

If you're a Unix user, you 
just have to choose when or 
if you'll move up to a 64-bit 
version. If you really need 
the huge address space of 
64 bits, you probably 

64·bit address space 

Fault-tolerant file system 

V= yes 

tory services what Open Database Connectivity (ODBC) does 
for database access: make it vendor-independent. 

DISTRIBUTED OBJECTS 
Unix vendors, under the Object Management Group (OMG), 
have spent several years on the Common Object Request Bro
ker (CORBA) standard for different systems exchanging objects. 
OMG recently settled on Sun's Universal Networked Objects as 
the standard for remote interoperability and on OpenDoc as the 
compound document model for CORBA 2.0. This conflicts 
with Microsoft's own proprietary Distributed Common Object 
Model (DCOM) and ActiveX. To complicate matters, Sun'sJava 
Component Architecture offers a way for Java components to 
talk across the Net. Sun's approach is backed by Netscape's 38 
million copies of Navigator, which is ready to acceptJava-based 
plug-ins. Netscape is cooperating with OMG to make Internet 
Interoperable ORB Protocol (nOP) the unifying technology for 
Internet objects in all its future Web browsers. 

This seems to have panicked Microsoft into a compromise: 
It will hand over its ActiveX object technology to a customer
driven open standards body (a first). So perhaps customer pres
sure might finally force a convergence of object standards. 

64-BITNESS 
Unix vendors worry how Microsoft and Apple plan to push Win
tel and the Mac further into traditional Unix domains. The Unix 

V' Rebuild 

V' 
Some 

already know it. Similarly, 
the question for a Macin
tosh user is not whether 

you need Copland but rather how soon you can get it. If your 
graphics work involves high-resolution rendering, then you need 
the assistance of multiprocessing now. Because many Mac 
tools are being ported to NT, it's becoming a race: The longer 
Copland takes to deliver SMP, the more alluring are the cheap
er hardware and existing SMP of NT. 

Windows users face the most uncertainty. For intranets, you 
could use NT, NetWare, or Unix for the server os, and any of a 
dozen choices for your Web servers. Microsoft's new Internet 
orientation might affect your plans in several ways. The next NT 
shell- with integrated Internet Explorer- is currently in beta; 
it presents an "HTML everywhere" desktop that can display 
live Web pages. Even the Windows Help file format abdicates to 
Hypertext Markup Language. Visual Basic's current incarna
tion is temporary, as its forms engine is not based on HTML. Plan
ning to invest in a hypertext or document management system 
that doesn't involve HTML? Think hard. 

Most important, though, you must decide whether Microsoft 
can make the more ambitious features of the Cairo project work 
and, if so, when. os developments are exciting to watch, but 
excitement may not be what you want when it comes time to 
making decisions. If you can do it, waiting for the dust to settle 
may be the best strategy for the next few months. III 

Dick Pountain is a long-time BYTE contributing editor who lives in 
London. You can reach him at dickp@bix.com. 
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Windows 95. 
of Windows NT. 
computers everywhere drooling. 

The new Windows NT" Workstation 4.0 operating system 

has been designed to be the most powerful desktop oper

ating system. And because all that power is controlled 

by the Windows® 95 interface, it's much easier to use. 

The total 32-bit power of Windows NT Workstation means 

reliability, security, and easy access to the Internet and 

intranet. It's reliable because all applications run in their own 

memory space-so that new game beta won't crash last 

week's work. It's secure because integrated features 

let you lock your system all the way down to the file level, 

so you can count on applications and data being safe. 

It's Internet-ready because it's loaded with built-in features 

like TCP liP, the Microsoft Internet Explorer browser, and 

integrated Peer Web Services, which lets you create a small 

intranet for your workgroup. And because it's all controlled 

by the Windows 95 interface, you can customize your system 

to work and look however you like. So does all this mean 

Windows 95 is history? Absolutely not. Windows 95 may still 

be your best choice, depending on your existing hardware and 

applications. We suggest you dive headfirst into our Web site 

to compare and contrast operating systems to see which 

32-bit desktop is best for you. 

Where do you want to go today?TM www.microsoft.com/ntworkstation/ 



When these companies were looking for speed, reliability, 
affordability, and ease of use for remote access and peripheral 
control, they chose a Comtrol serial communications board. 

Comtrol's RocketPort is the industry's fastest 
controller. Twice the speed of Digi's Acceleport. 
This breakthrough performance is achieved 
by putting eight ports and a RISC processor 
onto one chip. 

Using this technology, internet access speed 
can be increased 16x from 28.8 Kbps to 
460 Kbps full duplex across all ports. 

bl.-dlrecllonal connect speed In Kbps 

Dlglbo.rd Equ lnol< 

(8 Po rt Connectors) 

Comtrol's software drivers and technical support make 
it easy to switch. We provide drivers for Novell Netware 
Connect, Multiprotocol Routing, Windows NT RAS, UNIX, 

OS/2, and Linux. If you are already using one of these drivers, 
all you need to do is install your RocketPort card. I/O 
mapping eliminates memory conflicts and allows plug and 
play compatibility. RocketPort also gives you 30 times faster 

processing! This host CPU efficiency allows you to add 
more ports or free up valuable CPU time. 

Equinox Olglbollfd 

For your additional needs, our technical 
experts are just a phone call away to give 
you step-by-step instructions. 

See for yourself! Call1-800-92EHi876, e-mail 
us at info@comtrol.com, or look us up on 

our website: http://www.comtrol.com. 
Comtrol provides a 5 year limited warranty 

and a 30 day risk free trial for all products. 

Get the best board at half the cost and personalized support from the company that created the multiport 
industry in 1982 - the only company with 14 years of experience ... Comtrol. 
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Unix Leads 
the 64-bit Charge 

64-bit OSes are moving from the horizon to your desktop. And you get the benefits. 

By Laurent Lachal 

omputer technologies march relentlessly to the 
rhythm of bigger and faster. CPU clock speeds, which 
once seemed fast at 33 MHz, now push past the 200-
MHz mark. Similarly, OSes that gave us a speed boost 

with 16-bit architectures now are evolving to 64-bit technology 
to meet the demands of processor-hungry applications, such as 
data warehousing and virtu-
al reality (VR). 

But if you're not setting 
up an on-line transaction
processing (OLTP) server, 
how much can you really 
benefit from today's 64-bit 
versions of Unix or tomor
row's 64-bit Windows NT 
or Mac os? In reality, the 
added capabilities of 64 bits 
are narrow in scope. The 
most significant changes 
affect process and file man
agement and memory capac
ities. The 64-bit transition 
leaves reasonably untouched 
such aspects of OSes as con
currency (where multiple ap
plications share resources), 
scheduling, and security. 

The answer to how you 
can benefit from a 64-bit OS 
ultimately depends on what 
applications you are run
ning, whether your hard
ware is tuned for 64 bits, and 
whether your system has the 
massive amounts of memory 
needed to take advantage of 
the architecture. In the end, 
the possible advantages of 
64-bit technology come in shades of gray, not the relatively black
and-white distinction that defines the performance differences 
between 16- and 32-bit systems. 

Faster Number Crunching 
Process management benefits from 64-bit OSes because the os 
kernel executes larger instructions that can do more processing 

per cycle. The kernel can also manipulate 64-bit integers to give 
applications faster, more complex number-crunching abilities. 

This increased processing capability goes hand in hand with 
an exponential growth in the memory (virtual and real) that's 
addressable by each process. A 64-bit memory space can now 
address a maximum RAM of 264 bits-or more than 18 billion 

GB-compared to the mere 
232 bits (4 GB) possible for 32-
bit OSes. 

More and 
Larger Files 
Virtual memory enables an 
application to use RAM as a 
disk cache. In turn, a larger 
disk cache is necessary with 
64-bit OSes because not only 
can they handle a larger 
number of files, but they can 
accommodate much larger 
ones. Vendors are starting to 
speak in terms of terabytes
not just gigabytes- of data. 
Data handling among the 
CPU, memory, and hard disk 
improves with 64-bit regis
ters because the registers not 
only enable the system to 
move data around more 
quickly but can also refer
ence a larger number of data 
chunks. 

You don't need a 64-bit 
OS just to handle 64-bit-Iong 
integers, manage large files, 
or get yourself more mem
ory. After all, you can use 
several 32-bitinstructions to 

come up with a 64-bit operation, split large files into more man
ageable ones, use a parallel design for multiple storehouses of 
memory, or opt for a large block of memory residing on a hard 
disk. However, 64-bit OSes are certainly the most straightfor
ward technology for achieving these capabilities. 

Beyond these general benefits, 64-bit OSes have distinct impli
cations for desktop systems and servers. Desktop applications 
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will be able to exploit 64 bits to provide 
Nintendo-like graphics-first for 3-D
based programs and then for VR-based 
ones. Advanced GUIs are already avail
able: Computer Associates' flagship man
agement tool, CA Unicenter TNG, sports 
a new VR interface. 

On the server side, the very-large
memory (VLM) capability of 64-bit OSes 
will first attract developers in specialty 
areas, such as video on demand. The tech
nology will then appeal to more main
stream OLTP and data-warehousing appli
cations developers. Microsoft has pointed 
to credit-card transaction-authorization 
databases and worldwide reservation-sys
tem applications for its long-range move 
toward 64-bit NT. 

DBMS vendors and, increasingly, busi
ness-applications vendors say they will 
use 64-bit architectures to develop lead
ing-edge technology and support their 
large corporate customers. Similarly, Unix 
vendors have jumped on the 64-bit band
wagon, partly because it's a way to keep 
Microsoft's NT development team on its 
toes (prompting Microsoft's vague pub
lic comments about 64-bit technology be
ing in NT's future). Unix vendors might 
also find themselves in a battle to keep up 
technologically with the "} oneses": name
ly, 64-bit pioneers Digital Equipment and 
Silicon Graphics. 

The Impact on 
Applications 
Overall, 64-bit technology should have 
little impact on the fundamental architec
ture of applications, since programs are 
discrete and rather small data structures. 
However, applications will benefit from 
the following. 

64-bit high-speed 1/0: Commercial 
applications that shift data rather than just 
massage it can take advantage of the ca
pability to boss around larger chunks of 
data more quickly. Devices that require 
improved I/O, including Nintendo's lat
est game station, QMS's printers, and Cis
co's routers, also have the ability to ex
ploit 64-bit technology. 

64-bit logical/arithmetic operations: 
These operations increase the perfor
mance of "rocket science" applications 
based on complex data calculations, in
cluding satellite-imaging, weather-fore
casting, technical-modeling, genetic
research, and simulation applications. 
Graphics also inherently benefit from 
high-speed calculations and extended 
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64-bit OSes 

Foundation for 64-bit OSes 

Inlemal memory 
cache 

Arilllmetic 
logic 

Inlemall/O 
cache 

Memory 

~ ................. 
·bil buses 

I/O devices 
(e.g., hard disk) 

To deliver performance improvements over 32-bit systems. 64-bit 

OSes need CPUs with 64-bit data buses for memory and I/O. 

memory capacity, as they are essential
ly continuous large data structures mod
eled discretely. In addition, 64-bit virtual 
addressing gives a boost to OLTP and data
warehousing applications, as well as more 
technical applications, such as compu
tational fluid dynamics. All these types 
of applications require large amounts of 
memory. 

Large files: This is a gain for all types 
of applications, as new features expand 
software and consume the ever-increas
ing hard disk space. 

OS vendors are promising unified APls 
and more advanced compiler technology 
for software developers who will need to 
write code for 64-bit OSes. Unix develop
ers in particular will probably be the first 
to have a unified 64-bit Unix API that will 
enable 64-bit applications to run on any 
of the various versions of Unix that sup
port 64-bit architectures. 

You shouldn't expect an end to diver
gent APls for 64-b it Unix, alth ough we 
can certainly hope that the number of dif
ferent APls will be diminished. An inter
esting twist to the Unix tale is that the in
tricacies of 64-bit OSes are likely to lead 
to fewer versions of Unix as the smaller 
Unix vendors rally to the bigger ones, such 
as the Hewlett-Packard/Santa Cruz Op
eration team, which promises to deliver 

a super 64-bit OS sometime during 1998. 
How will OS vendors migrate from 

32- to 64-bit applications support? Each 
designer team might take a different ap
proach. For instance, Digital chose to skip 
32-bitapplications support, but it released 
a 32-bit translator for Ultrix and VMS to 
64-bitAlphas. Sun pledges 100 percent bi
nary compatibility between its 32-bit and 
64-bit architectures. 

Better Compilers 
The same Solaris binary source will run 
on 32- and 64-bit systems, so it won't re
quire the recompiling of 32-bit applica
tions. However, this feature will come in 
handy only for a while, as recompilation 
is ultimately the only way to produce exe
cutables that use the full capabilities of 
64-bit OSes. This process in turn requires 
sophisticated compi lers that will be crit
ical to the competitive edge of 64-bit OS 
vendors. 

Even with a good 32-to-64-bit porting 
environment, there's still the question of 
which applications would benefit most 
from a conversion from 32 to 64 bits. The 
extra 64-bit coding is difficult to master 
and can actually decrease performance if 
the application doesn't have the ability to 
take advantage of the extra power deliv
ered by the 64-bit OS. 



64-bit OSes 

WHAT 64 BITS BUYS YOU 

Feature Benefit vs. 32·bit 05es Best Applications 

Larger files Can process terabytes of data 
(vs. megabyte-size fi les). 

O LTP; data warehousing; 
high-end graphics; processing' 
intensive applications; 
general business applications. 

Greater RAM Memory can be a maximum 
of 18 billion GB (vs. 4 GB). 

OLTP; data warehousing; 
high·end graphics. 

Faster 
processing 

Can handle more calculations 
faster. 

High·end graphics; 
processing'intensive 
applications. 

Faster 1/0 Access times between main 
system and peripheral hardware 
are shortened dramatically. 

High-end graphics; 
general business appl ications. 

Digital Equipment's Unix, IBM's OS/400, and Silicon Graphics' Irix are the only full 64· 
bit OS environments available today. Siemens' Reliant Unix (the merger of Siemens' 

Sinix and Pyramid's DCOSX) should ship by the end of the year. 
Other OS vendors have opted for a piecemeal approach. For example, Sun's Solaris 

already supports 64·bit extended'precision arithmetic and large files, which can both ben· 
efit from CPU·specific instructions to speed up networking. You can expect Solaris to han· 
d ie file sizes up to 1 TB in 1997 and to become a full·featured 64-bit OS in 1998, w ith a 64· 
bit kernel and 64·bit virtual addressing. 

When will Microsoft deliver a 64-bit OS? Last June, the company promised that Cairo 
would support 64·bit very large memory (VLM) for applications needing more than the 4 G B 
of memory addressable with 32-bit systems. But the rollout of Cairo continues to be a fuzzy 
target (see "Unearthing Cairo" on page 145). 

VLM will most likely show up in Digital's Unix for 64·bit Alpha systems, which already 
can potentially provide 14 G B of addressable storage. This memory space will soon increase 
to 28 G B-significant, but still a long way from an 18·billion·G B addressable with a true 64-
bit OS. 

This is why software developers have 
not started to 64-bit-enable their applica
tions en masse, as few of these packages 
actually exceed the capacity delivered by 
32-bit systems. Indeed, 64-bittechnology 
is likely to come hand in hand with mar
ket education; this way, companies will 
be able to avoid repeating the mistake that 
Intel made when people realized that the 
Pentium Pro boosts 32-bit-application per
formance but delivers poor 16-bit-appli
cation speed. 

64 -bit Technology 
vs. Parallelism 
As important as 64-bit technology is, it's 
only a small part of some larger changes 
that are currently taking place in OS devel-

opment. One trend is the fragmentation 
and modularization of OSes, which will 
confine the hardware-specific portion of 
the OS code to a small micro kerneL An
other trend is the adaptation of de facto 
standard OSes to parallel environments
specifically, symmetric multiprocessing 
(SMP) , a shared-disk architecture; mas
sively parallel processing (MPP), a shared
nothing architecture; and clustering. 

The advent of 64-bit architectures is 
interwoven closely with the various ap
proaches to parallelism. Both technolo
gies benefit from the R&D and marketing 
muscle of vendors of relational database 
management systems (RDBMSes). These 
companies are employing 64-bit technol
ogy and parallelism to support next-gen-

Special Report 

eration RDBMS products, such as con
tent management systems (CMSes), which 
handle structured and unstructured data 
alike. (According to one study, reported 
in the May issue of European Software 
Markets Service, CMSes will represent 28 
percent of the total European database 
market by the year 2000.) 

Cost vs. Speed 
The best mix of 64-bit technology and 
parallelism, however, is unclear. "There's 
no easy answer," says Oracle marketing 
director John Spiers. "You have to balance 
cost and need, since infinitely fast is also 
infinitely expensive." 

Indeed, the RAM needed to hold giga
byte-size databases does not come inex
pensively. For instance, 4 GB of memory 
costs hundreds of thousands of dollars, 
compared to just a few thousand dollars 
for installing an extra processor in a par
allel system. On the other hand, accord
ing to Jean Jacque Pairault, senior con
sultant of R&D strategy at Groupe Bull, 
you get a decreasing performance boost 
with each added processor. The alterna
tive- a complete 64-bit system with a 
lot of memory- yields increased perfor
mance over 32-bit systems. 

Vendors are unsure about how these 
technologies will improve your life. "Par
allelism boosts performance in all situa
tions, while 64-bit OSes help mostly in 
read-only situations, such as data ware
housing," says Arthur H ochberg, Euro
pean marketing director for Informix. On 
the other hand, "the large-memory ap
proach is more relevant to OLTP than to 
data warehousing, where databases have 
grown too large for current hardware 
platforms," explains Spiers. 

Alternatively, 64-bit technology may 
not be the most important issue. ''At the 
high end, where people concentrate more 
on scalability than on large memory size, 
[the emphasis is on] solutions that com
bine parallel systems with advanced disk
storage technology," explains Jon Barnes, 
RS/6000 hardware product manager at 
IBM U.K. 

The debate goes on. For the moment, 
the combination of 64-bit and parallel 
technologies will prove more beneficial 
to SMP than to MPP and clusters. Why? 
First, a 64-bit address space dramatically 
improves the scalability of SMP systems. 
Second, both technologies address dif
ferent bottlenecks: SMP addresses a pro
cessing-power bottleneck, while 64-bit 
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memory reduces the p rocessor-to-disk 
bottleneck. 

Software developers are likely to post
pone implementation of MPP , which re
quires a real architectural revolution, in 
favor of SMP, which is much closerto non
parallel systems. "For people who require 
very high throughput, the real battle will 
be between 64-bit technology and clus
ters, " says Julian Lomberg, Solaris prod
uct manager for Europe. The cost/perfor
mance ratio currently favors clusters, due 
to the huge cost of memory. 

In the long run, we will see tighter in
tegration of 64-bit and parallel systems, 
for two reasons. First, parallel-systems 
vendors are moving, albeit slowly, toward 
an archi tecture that combines SMP and 
MPP. Second, the data-warehousing and 
OLTP markets are converging as demand 
emerges for read/write analytical data
bases, where decisions from analytical 
work automatically feed into changes to 
production data. 

Technology Mix 
Very few of the 64-bit-enabled hardware 
platforms that are currently shipping ac
tuall y sport the huge memory capabilities 
that make a real performance difference. 
Digital acknowledges that only about 30 
percent of its 2000 64-bitTurbo Laser sys
tems sold during their first 15 months of 
release have shipped with enough mem
ory to actually benefit from the VLM capa
biliry of Digital Unix. 

But standard Alpha configurations 
may soon ship with substantially more 
memory, according to Pauline N ist, vice 
president fo r Alpha Server operations. 
"DRAM prices collapsed by over 60 per
cent in mid -1996," she says. "Digital re
sponded with a midrange server, capable 
of 8 GB of RAM, that started shipping in 
June." Bill Reed, advanced technology 
consultant for IBM's AS/400 business, pre
dicts that by the end the century, AS/400s 

54-bit OSe s 

Hardware Platforms 
with 64-bit Muscle 

W hat hardware is available to support 54-bit OSes? All the leading RISC archi
tectures currently use 54-bit designs. Intel's Pentium processors use 54-bit 

arithmetic operations and internal data paths. We expect that its successor, dubbed 
Merced, will be a full-blown 54-bit architecture. 

Processor designers are further along in embracing 54-bit architectures than are OS 
developers. Today, there are 54-bit implementations for CPUs and for the data buses that 
interconnect the main processors with memory and 110 modules. Many data buses are 54 
bits (or w ider) to keep up with the CPUs that first implemented 54-bit arithmetic operations 
(i.e., load and store, and then add and multiply) . The buses first arrived w ith a 54-bit internal 
data path and then moved on with a 54-bit external data path and 54-bit addressing. The 
latter enhancement enables CPUs to talk directly to 54-bit-wide memory. 

All this lane-widening helps the CPU shuffle and process more data per cycle than in 
32-bit systems. However, 54-bit architectures aren't the only way to boost CPU perfor
mance. Other performance enhancments include larger caches, higher c lock speeds, more 
compact silicon wafers, and technologies such as very long instruction word (VLlW) forfew
er but more complex instructions per cycle. 

Six for 64 
The following companies now offer 64-bit RISC processors. 

Company 

Apple/I BM/Motorola 
Dig ital Equipment 
Hewlett-Packard 
IBM 
Mips 
Sun 

will ship with at least 40 GB of memory 
and more than 50 TB of disk space. 

Performance First 
In the meantime, we need to closely watch 
how software suppliers take advantage 
of the underlying techno logy and see 
whether they implement 64-bit technol
ogy or parallelism, says Hochberg. But 
David H ughes-Solomon, director of tech
nology at the client/server powerhouse 
SAP, believes end users don't care whether 

Processor platform 

PowerPC 
Alpha 
PA-RISC 
AS/400 
RxOOO 
SPARC 

their systems use a 32- or 64-bit OS. "End 
users are mostly concerned about how 
well an application performs, especially 
on a large scale. If it can deliver, then they 
lookatthe price and decide," he explains. 

WHERE TO FIND 

In the same way that most pes consist 
of a mix of elements running at various 
speeds and bandwidth capacities (e.g., 
128-bit memory buses, 64-bit graphics 
accelerators, and 32-bit processors), we 
will probably see a mix of 32- and 64-bit 
OSes, hardware, and applications. "Three 
to five years," reasons Hochberg, "seems 
a reasonable time frame for 64-bit tech
nology to permeate the high end of the 
market, while 32-bit technology will keep 
on satisfying the bu lk of the market for 
the foreseeable future ." rn 

Digital Equ ipment 
Corp. 
Maynard, MA 
(508) 493-5111 
fax: (508) 493-8780 
http ://www.digital.com 

Groupe Bull 
louveciennes. France 
+331 39666060 
fax: +331 39666062 
http://www.bull.com 

Hewlett-Packard 
Palo Alto. CA 
(415) 857-1501 
fax: (415) 857- 5518 
http ://www.hp.com 

IBM 
Old Orchard Road 
Armonk. NY 
(914)765-1900 
http://www.ibm.com 
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The Santa Cruz 
Operat ion 
Santa Cruz. CA 
(408) 425-7222 
fax: (408) 458-4227 
http://www.sco.com 

Si licon Graphics. Inc. 
Mountain View. CA 
(415)960-1 980 
fax : (415) 390- 6220 
http://www.sgi.com 

Sun Microsystems. 
Inc. 
Mountain View. CA 
(415) 960-1300 
fax: (415) 969- 9131 
http://www.sun.com 

Laurent Lachal, a consultant specializing in 
IT, is editor of European Software Markets Ser

vice, a quarterly publication that analyzes 

OSes, applications development tools, business 
applications, and database management sys

tems. You can contact him at editors@b ix.com. 
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Unearthing Cairo 
The next version of Windows NT will flex its enterprise muscle 

by incorporating features from "Cairo." 

By Mark Minasi 

t the first NT developers conference in 1992, Bill Gates 
announced that Cairo would arrive in three years and 
would incorporate object-oriented technologies, 
especially an object file system. Since then, we've seen 

Windows NT 3.1, NT 3.5, NT 3.51, and most recently NT 4.0. 
None is object oriented, none has an object file system, none is 
Cairo. It seems that Cairo is Microsoft's sly way of promising 
the world. "Will we see Plug 
and Play inNT?" "Oh yes, of 
course, in Cairo." "Will NT 
ever produce world peace 
and cheap antigravity?" 
"You bet- in Cairo." 

What is becoming appar
ent is that we'll never see 
Cairo as the manifestation of 
Microsoft's next-generation 
operating system. But much 
of the develo pment work 
that went into the Cairo pro
ject will see the light of day. 
Indeed, some Cairo features 
have already been bolted 
onto NT 4.0, and others may 
be slip streamed into interim 
NT releases or will appear 
in the next major release of 
NT sometime in 1997 or ear
ly '98. Either way, don't 
expect to see a shrink
wrapped box of Cairo at 
your corner software store. 

For its part, Microsoft is 
framing its course correction 
in the best possible light: 
Cairo isn't an as, it's a set of 
technologies. What does this 
mean for current NT users or 
for those people who are 
contemplating a switch? Here's a rundown ofthe Cairo features 
you can expect to see in future versions of Windows NT. 

Networking Enhancements 
Windows NT will continue to be Microsoft's "enterprise" as as 
the company tries to push into large corporations and pry data 
off mainframes and Unix machines and onto pes. To that end, 
the company has partnered with companies such as Digital 

Equipment to gain access to big-iron IS managers. But NT is devel
oping a reputation more as an excellent as for workgroup servers 
than for enterprise-level systems. Thus, one of Microsoft's 
missions is to instill NT with more enterprise character. To do 
that, Microsoft must refine how NT handles domains. NT's 
domain structure looked wonderful when compared to Net
Ware 3.x's server-based bindery, Novell's term for a server's list 

of recognized users. Unfor
tunately, domains pale as an 
enterprise structure beside 
NetWare 4.x's NetWare 
Directory Service (NDS). 

That's because NT cur
rently lets you centralize 
the lists of user accounts for 
a number of servers on one 
single server- kind of a 
security server-called a pri
mary domain controller. 
Taken together, these servers 
constitute a domain, in 
Microsoft parlance. (NT 
allows you to establish 
"backup" domain con
trollers as well.) If you've got 
50 servers in that domain, 
then you have to build your 
company's users only on one 
server rather than having to 
rebuild them 50 times, once 
on each server. But NT -based 
enterprise networks become 
clumsy when a second 
domain appears, which 
requires administ rators to 
manage interdomain securi
ty treaties called trust rela
tionships. The number of 
these relationships can easi

ly grow to become almost unmanageable. For example, six 
domains require 30 trust relationships, but in organizations with 
50 domains, the number of relationships soars to 2450. 

One of Microsoft's main development efforts will be to reply 
to NDS. Instead of having to create dozens of domains, and 
then having to establish hundreds of trust relationships among 
them, you'll probably be able to create "trees" of domains. While 
Microsoft hasn't released much information about this change, 
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we expect to see a domain tree notion that 
sounds suspiciously like Novell 's direc
tory trees in NDS. In fact, Microsoft has 
recently taken to calling its current 
domains-and-trusts model Microsoft 
Directory Services, or MDS. 

Additionally, NT's current notion of 
one primary domain controller and a col
lection of subordinate domain controllers 
may give way to multiple master domain 
controllers, a great boon to maintaining 
geographically widespread domains. Cur
rently, it's possible (and convenient) to 
put a backup domain controller in a 
branch office. That backup domain con
troller can authenticate network log-ins, 
so users in the branch office needn't wait 
for their log-ins to occur over the slower 
WAN links to the primary domain con
troller. In fact, the WAN link can be down 
altogether and users can still log on 
through the backup domain controller. 

What users can't do now is change 
anything about their accounts: pass
words, groups they 're members of, etc. 
They can do that only if they ' re con
nected to the primary domain controller. 
The multiple master domain controller 
model would mean the domain con
troller in the branch office could han
dle changes locally, reconciling them 
with the other domain controllers when 
the WAN link comes back up . 

The Cairo Internet 
Two pillars of Microsoft's Internet strat
egy, the Dynamic Host Configuration 
Protocol (DHCP) and the Windows Inter
net Naming Service (WINS), will also see 
changes in future versions of NT. DHCP 
is a system that greatly simplifies installing 
IP addresses and TCP/IP configuration 
information on a new Pc. DHCP allows 
you to create a server that hands out that 
configuration information. The problem 
is there's no simple way to provide fault 
tolerance for the server's function-it's 
not acceptable to have two DHCP servers 
on a network handing out IP addresses 
from the same pool of addresses. The 
Cairo development effort is working to 
change that: DHCP servers will be able to 
replicate among themselves so that if one 
goes down, the others know what that 
server was doing. 

WINS, Microsoft's server-based "nam
ing" system, supports NetBIOS-based pro
grams (like Microsoft's own network 
redirector). And it provides translations 
between human-friendly names like 
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Multiple LANs, Single Log-in 

Log-in 

1 
[:J 

Windows NT Today 

Log-in 

1 
Log-in 

1 
Enterprises with multiple LANs may 

require multiple log-ins. 

Windows NT Tomorrow 

ODSI (Open Directory Services Interface) 

I Banyan I 
ODSI permits simultaneous log-ins 

to different networks. 

Open Directory Services Interface (0051) can support unified log-in 

and administration tools for a variety of network operating systems. 

"Bigserver" and the necessary IP address
es like 210.32.11.87. The problem with 
WINS is there already is an Internet stan
dard called the Domain Naming System 
(DNS) that handles this chore. NT-based 
Internet servers must run both WINS and 
DNS, and they must somehow persuade 
the WINS server to share its knowledge 
with the DNS server. The Cairo approach 
does away with WINS altogether by wed
ding DNS and WINS into something called 
Dynamic DNS, which reportedly is work
ing its way through the request-for-com
ment process now. 

What's more, Services for NetWare 
(the new name for the combined File 
and Print Services for NetWare and the 
Directory Services Manager for NetWare) 
will include NDS support, something even 
the NT 4.0 version of Services for NetWare 
lacks. The Microsoft networking client 
will include client-side support for the 
Lightweight Directory Access Protocol 
(LDAP) as well. Microsoft's big push for 
creating unified log-in and administration 
tools sits atop its support of Open Direc
tory Services Interface (ODSI). A user con
trol tool like the User Manager would sit 
atop an ODSI layer; there would be ODSI 
drivers for NT, Banyan, NetWare, or oth
er networks. This ODSI-dependent User 
Manager would handle user accounts for 
each of those network operating systems. 
Similarly, an ODSI-based log-on could 

perform simultaneous log-ins to different 
networks (see the figure "Multiple LANs, 
Single Log-in"). 

Desktop Enhancements 
While the enterprise is important, 
Microsoft also has to battle for corporate 
desktops. First and foremost is Plug and 
Play support. This is essential if NT's going 
to be a simple-to-use OS, given today's 
PCs and the market's embracing ofthe PCI 
bus. PCI's great for its speed and flexibil
ity, but it is nightmarish to try to set 
IRQs, DMAs, and memory addresses on 
PCI-based machines, which typically 
don ' t give you a way to control what 
resources your PCI add-in cards claim. 
Plug and Play gets rid of these problems. 

So, why wasn't Plug and Play in Win
dows NT 4.0? According to NT product 
manager Andrew McGehee, Microsoft 
just didn't have time. While Plug and Play 
may be simpler on Intel platforms, putting 
it into Mips, PowerPC, or Alpha systems 
is tough and will require some develop
ment support from hardware vendors. 

Microsoft is also working to make dri
vers for hardware easier to come by. The 
company will merge the driver models of 
Windows 95 and Windows NT. Because 
drivers for 95 and NT are now different, 
board vendors without large program
ming staffs often end up ignoring NT driv
er development or staying in "perpetual 
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CaiTO Inside 
An object-oriented, next-generation operating system called Cairo 
may never ship. However, future versions of Windows NT will enjoy 
the fruits of the Cairo development effort. 

Cairo Technologies 

Microsoft Directory Services 

Dynamic Host Configuration 
Protocol (DHCP) servers will 
replicate among each other. 

Replace Windows Intemet 
Naming Service (WINS) 

Client·side support for the 
Lightweight Directory Access 
Protocol (LDAP) 

Support for Open Directory 
Services Interface (ODSI) 

Plug and Play support 

Merge Windows 95/97 and 
Windows NT driver models 

Bookmark API 

Object File System 

Power management 

What They Do 

Refine how NT handles domains; 
may use a tree structure a la 
Novell's N OS for creating one 
primary domain controller with a 
collection of subordinate domain 
controllers. 

If one DHCP server goes down, 
another server will be able to 
takeover. 

Successor will wed WINS with 
Domain Naming System (DNS), 
the existing Internet standard for 
translating human·friendly server 
names and the necessary IP 
addresses. 

Provides a low·overhead way for 
clients to access X.500 
directory services. 

Creates unified log· in and 
administration tools for enterprises 
with a variety of network 
operating systems. 

Simplifies installation of peripherals 
that use the PCI bus. 

A boon for NT users who often 
have to struggle to find appropriate 
drivers for their OS platform. 

Restores the screen and PC 
state to where they were when 
you shut down the system. 

Lets you create a pseudodirectory 
that unifies local, network, and 
Internet files. 

Resource efficiency for laptop 
users. 

beta" stage. Microsoft will also try to simultaneously ship Win
dows 97 and a new version of NT next year. The rwo OSes will 
still be quite differe nt, but they' ll use identical drivers for 
sound cards, video boards, nerwork cards, and the like. Hard
ware vendors will all want to support Win 97, so there'll be tons 
of drivers for Cairo: a bonanza for NT users. 

UI Updates 
The NT user interface, which went to the Windows 95 style in 
version 4.0, will continue to evolve. Expect to see the "Nashville" 
version of the Explorer, which integrates a Web browser and a 
disk browser. This may appear before the next major edition of 
NT, perhaps as part of a service pack. 

An interesting rumor, and potentially the most important ill 
improvement, is the BookmarkAPI, a set of programming exten
sions for the ill. Here's how it would work: You shut down NT 
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while Word and Exchange are running. 
The system says to Word, "Tell me what 
you're doing." Word replies, "I'm on doc
ument X at page Y with the cursor on the 
300th character." Exchange reports sim
ilar info. When you start up your system 
the next day, Word and Exchange launch, 
and document X loads. The screen and 
state of the PC go back to where you were 
when you shut down the day before. 

Information may become easier to 
find thanks to the Object File System 
(OFS). For example, if you're interested 
in pictures of the Space Shuttle, you may 
already have some files on your C: drive 
and others on a D: drive. An FTP site 
may post new pictures, and Web sites may 
also store shuttle images. The OFS would 
allow you to create a pseudodirectory that 
would seem to contain the scattered data 
from all these locations. 

Microsoft 
Redmond.WA 
(206) 882- 8080 
http://www.microsoft.com 

~ 
Highlights: ~ 
• Integrates seamlessly into Windows 95 

• Mounts NFS drives from Explorer or 
Network Neighborhood 

• Supports file and record locking 

• Allows central authentication with a 
single server running PCNFSD for 
all NFS connectivity 

• Prints to NFS or LPD print servers 

• Allows login to all systems with a single 
login name and password or different 
login names for each system 

• Allows single-operation logout of all systems 
accessed through Network Neighborhood 

• Fine tunes performance parameters 
for each server access 

I 
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Servers will benefit because network 
objects, such as shared directories, won't 
be associated with a particular machine. 
You'll just see a shared object called "mail 
database" and attach to it, without having 
to know what server it's on. 

Other new features will include NT 
support for Direct3D and DirectInput, 
Fire Wire/P1394, and the Universal Serial 
Bus. And for laptop users, there's power 
management coming, Microsoft says. 

Beyond Cairo 
What must Microsoft address after 
Cairo pushes the evolution of NT? It will 
have to match the 64-bit muscle of chips 
like Digital's Alpha. Microsoft says there 
will be a 64-bit NT "in the next couple 
years." Fault tolerance must appear in 
all networking services, and NT's clus
tering "Wolfpack" technology will need 
to move beyond simple support of pairs 
of machines. Let's hope Microsoft's fas
cination with the Net extends to better 
support for TCP/IP infrastructure issues 
like better dynamic routing protocols, 
better support of static routing over 

Beyond Cairo 
Here's a wish list of improvements that 
need to be part of Microsoft's long-term 
development plans. 

Support for 64-bit processors 

Fault tolerance for all networking 
services 

Clustering support for more than 
pairs of machines 

Better dynamic routing protocols 

Improved static routing over 
remote access servers 

IPng support 

remote access servers, and IPng. 
But beware of basing your enterprise 

plans on Microsoft plans. Cheap anti
gravity may come before Plug and Play 
and other enhancements NT needs. III 

Mark Minasi writes books and gives seminars 

on desktop and network OSes. You can reach 
him at mark@mmco.com. 
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Copland, Revisited 
A closer look at how the micro kernel and hardware abstraction 

services will strengthen Apple's upcoming as. 
By Tom Thompson 

or more than a year, Apple has provided tantalizing 
glimpses of Mac OS 8, its future os, which is more 
commonly known by its code name of Copland. 
Unfortunately, much like Microsoft's Windows 95 

launch, the release of Copland has been plagued with delays. 
The expected shipping date has slipped from this year until 
well into 1997. (For BYTE's previous coverage of Copland, see 
"Apple's New Operating 
System," June 1995, and 
"Copland : The Abstract 
Mac OS," July 1995.) 

At the August MacWorld 
trade show in Boston, Apple 
CEO Gilbert Amelio an 
nounced a new blueprint for 
OS releases. Instead of a 
monolithic release of system 
software, as happened with 
System 7, Apple will release 
portions of Copland piece
meal over the next year. 

Component 
of the Month 
This piecemeal plan has sev
eral benefits. First, the devel
opment breaks into man
ageable chunks for the 
system-software engineers. 
Any bugs that appear after a 
release are probably due to 
the newly introduced OS 
components, which simpli
fies code maintenance. 

Second, some of the 
promised Copland tech
nologies will get into the 
hands of users without their 
having to wait for Apple to 
roll out other portions. For example, an OS release slated for the 
middle of 1997 will provide many Copland user-interface (UI) 
elements, Java support, and a much-needed multithreaded 
Finder update, as shown in the figure "Copland Architecture" 
on page 152. (The improved object-based UI, with sophisticated 
messaging and scripting functions, was the easiest part of the 
Mac OS to win early release.) 

Finally, the staggered-release schedule means that Apple 

can craft some of these components as 680xO code. Thus, some 
of Copland's features- but not all- will be available to own
ers of 680xO-based Macs. 

This incremental-release strategy has problems, too. Cop
land's elements can't all separate conveniently into discrete com
ponents. The most glaring examples: System 7.x's File Manager 
and parts ofthe I/O subsystem (still emulated 680xO code). Releas-

ing these crucial parts as 
native code early would 
boost the performance of 
PowerPC-based Macs and 
Mac clones, but, says Apple
Soft vice president Jim 
Gable, "Much of the file-sys
tem code is tightly coupled 
to the preemptive features of 
the Copland microkernel : 
There's no way to separate 
them." 

This plan also affects new 
PowerPC Platform systems 
next year: Such systems will 
need a special System 7.x to 

manage the hardware ab
straction for each hardware 
design. Finally, Apple must 
work closely with third-par
ty developers to spot and fix 
problems that these small 
releases might cause to appli
cations software. 

In Apple's favor, it has 
experience in extending the 
OS in stages. Separate re 
leases of QuickDraw GX, 
Quick Time, QuickDraw 3D, 
and Open Transport added 
new capabilities to System 
7.5 without revamping the 

OS code. Furthermore, Apple has been designing parts of the 
system software as OpenDoc components. This helps the plan 
because OpenDoc is a modular architecture, the very thing 
required to ship the OS as parts. 

With all these sudden changes in direction, trying to figure 
out exactly what Copland is requires a scorecard. I'll review 
the Copland system architecture first, then focus on the latest 
information available on the micro kernel and I/O abstraction. 

continued 
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Copland Architecture 

User mode 
Finder 

FileSharing File 
Services 

Printing 
Services 

Toolbox functions 

Services 
(interface, Code 

drivers) Fragment 
Process Mixed 

Mode Manager 

System 
Patch Notification 

Manager Manager Service 
Manager Service 

Microkernel 

Hardware 

Supervisor mode 

D ExIsts, to be upgraded 
in mid·I997 

D ExIsts in System 7.x, 
to be upgraded later 

D Mac OS 8 components 
to be added later 

As of now, Copland consists of several 
parts: microkernel, core system services, 
and tasks. The micro kernel performs all 
low-level services directly with the pro
cessor or hardware: task creation (pro
gramming the processor's memory man
agementunits [MMUsl to setup a separate 
memory space and access rights), sched
uling (with the processor's interrupt 
mechanism and timers), and task control 
(which uses processor-specific atomic 
instructions for low-level messaging and 
semaphores). 

Modular Microkernel 
The micro kernel has a modular structure 
that lets other software modules (e.g., 
ones that implement a virtual memory 
backing store or perform memory allo
cation) plug into it without modification. 
T his d iffers from some Unix kernels, 
where adding a new service requires you 
to rebuild the kerne l. The microkernel's 
design also supports symmetric multi
processing (SMP) on systems that have 
multiple processors. A low-level multi
processor API has been available for spe
cial-purpose applications under System 
7.x, and it will work under Copland. 

The core system services are clients 
of the micro kernel. They implement a 
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number of services that higher-level por
tions of the Mac OS rely on. These ser
vices consist of either DLLs or OpenDoc 
components. Some of them are familiar 
services, such as Code Fragment Manager 
(which loads and unloads PowerPC tode 
libraries), Process Manager (which man
ages task creat ion), and Mixed Mode 
Manager (which hand les transitions 
between native PowerPC code and the 
680xO emulator). 

However, there are also many new ser
vices, such as Patch Manager (tracks soft
ware patches), System Notification Ser
vice (coordinates tasks), and Dynamic 
Memory Allocation Service (no more 
fixed memory partitions). Some core soft
ware utilities have obvious functions, such 
as Debug Services, Interrupt Services, 
Timing Services, and Exception Handler. 
Another utility, Server Manager, creates 
and controls special-purpose processes, 
as described below. 

T he last part of the OS architecture 
consists of tasks. A task is a basic unit of 
program execution in Copland. Processes 
consist of one or more tasks and use a 
common set of memory and system re
sources. Notable examples of processes 
are the Finder (the shell application that 
manages the Desktop screen and han-

Network 
Services 

Task creation, 
scheduling, 

and task 
control 

D Upgraded to Mac OS 8 level 
(Open Transport l.x) 

dIes certain file operations), Printing Ser
vices, and FileSharing (which implements 
peer-to-peer network services). 

A process's code might be located in 
RAM or on disk, and it has its own stack 
and register set. Even better, because of 
Dynamic Memory Allocation Service, 
such code need not occupy a contiguous 
section of memory. Instead, a process's 
code fragments can be located anywhere 
in memory, arranged as necessary to best 
fit a limited amount of RAM. 

The familiar Mac application consists 
of a main task the Process Manager sets 
up, plus any threads this main task spawns 
via the Thread Manager. Mac applica
tions can create one or more threads, 
which implement single paths of execu
tion. For new Copland-aware applica
tions, the microkernel can schedule the 
tasks to execute simultaneously, which 
improves load balancing on the system. 

It's important to note that certain parts 
of Copland's services (e .g. , the Q uick
Draw graphics engine) contain nonreen
trant code. Therefore, any task using these 
services must be scheduled to execute 
cooperatively (i.e ., one at a time) . Typi
cally, these are applications because they 
make heavy use of the ur. 

Because the Process Manager creates 
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and launches each application's main 
task, it ensures that only one main task 
executes at a time. The microkernel, cer
tain core system services, and any task that 
doesn't rely on graphics can operate un
der preemptive time scheduling. Pro
cesses that provide specific functions but 
don't need a UI-such as those that han
dle file-system and network services-are 
called servers. 

Copland's architecture thus makes 
Apple's release plan possible. The sched
uled mid-1997 release, for instance, con
sists of a new process (the Finder), which 
System 7.5 treats as an application. This 
release will also provide an assortment of 
DLLs that implement the Copland ur 
elements and the Java virtual machine, 
which, again, System 7.x's Code Frag
ment Manager can handle. 

Memory Matters 
Copland's microkernel provides memory 
protection and address-space isolation, 
except for existing System 7.5 applica
tions. The microkernel, drivers, and cer
tain servers execute in the PowerPC pro
cessor's privileged mode. Most servers 
and Mac applications operate in the pro
cessor 's user mode, and they can obtain 
memory or perform I/O only by making 
requests to the os. This improves the 
overall system reliability because it en
sures that only the low-level os code can 
directly operate the hardware, such as 
fielding interrupts, modifying the access 
attributes to sections of memory, and con
trolling the processor's caches. 

The micro kernel provides another 
level of protection by placing servers 
and os code in separate address spaces. 
Accessing a separate space requires build
ing its address using values from page
table entries (PTEs) in the processor's 
MMU. Because only the microkernel can 
use and modify the PTEs, this effectively 
"walls off" these tasks from any errant 
memory accesses that a malfunctioning 
program generates . Copland maps the 
microkernel code into every address space, 
so that tasks can quickly use system func
tions without involving cycle-stealing 
memory-access mechanisms. This scheme 
still provides ample protection, because 
the os code is marked read-only. 

For compatibility's sake, existing Mac 
applications and certain sections of the ur 
Toolbox code must cohabit a single mem
ory space: The System 7.x application 
model expects a contiguous address space 
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Copland achieves hardware independence through a layer 

of interface libraries and plug-in modules_ 

and unfettered access to some system 
globals. Still, Code Fragment Manager 
flags system code and native System 7.x 
applications as read-only, which offers 
some protection. 

Process Manager also provides an ex
tra level of safety. When it loads a System 

7.x application, it places guard pages 
above and below the application's fixed 
memory partition. These guard pages are 
marked with excluded access permission. 
If an application attempts to overrun its 
boundaries, it generates an exception. It's 
possible that a misbehaving application 
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If you need the protection RAID has to offer, but the expense has been holding you 

back, then Artecon's new desktop L'f'1XStak is your solution. For about the same 

price as many standard 3.5" drive subsystems, L'f'1XStak gives you all the bene
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Removable, Redundant and Reliable. 
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fast transfer rates at all RAID levels. Fast-wide end-to-end interfaces, multiple drive 

channels and custom ASICs contribute to maximum performance at a minimum price. 

Investment Protection. 
With L~tak, you can incrementally upgrade into the RAID system of your choice 

as your needs grow From a single desktop unit to a powerful server configuration, 

you never sacrifice your original L'f'1X investment. Desktop RAID systems start at 
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Macintosh and PCs running Windows NTlWindows 95. 

So call Artecon today and see how we stack up! 
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might corrupt the data of another appli
cation, because everyone can modify 
any of the data inside this address space. 
However, given the address-space isola
tion and write-protection safeguards, 
Copland is significantly more reliable 
than its predecessor, which has no pro
tection mechanisms. 

The payback for this compromise is 
that users can carry thei r existing body 
of Mac sofrware to Copland and expect 
it to work. AppleSoft's Gable admits: "If 
we could rewrite the OS without regard 
for the installed software base, the job 
would be done by now." 

1/0 Abstraction 
One goal of Copland is greater indepen
dence from the hardware. Given the 
growing Mac-clone market, vendors need 
to differentiate their systems by distinc
tive hardware features. Also, the Mac OS 
needn't rely on erratic supplies of custom 
ASICs that have, on prior occasions, 
crimped sales. 

All I/O operations-from hard drive 
to video to pointing devices-are grouped 
into families (see the figure "I/O Abstrac
tion" on page 154) . An I/O family is a set 
of software components to perform spe
cific I/O services. If a task uses the SCSI 
family, that in turn uses interface modules 
(called plug-ins) to operate SCSI devices. 

For example, one application might
via the OS-call the SCSI family to per
form file I/O to a device on the SCSI bus. 
The SCSI-family module calls the plug-in 
that manages a SCSI hard drive. Next, a 
scanning application uses the SCSI family, 
but this time the SCSI-family module calls 
a plug-in to control a color scanner. 

The I/O famHy provides an interface 
library that implements device functions 
and exports data structures for use by 
the applications or the OS. Although an 
I/O-family module provides one interface, 
it might have two sets of interface li
braries: one for user-mode tasks and 
another for supervisor-mode tasks. The 
OS uses the supervisor-mode library, 
which can be performance-tuned because 
it doesn' t require the user-mode I/O re
quest mechanism, and no address-space 
conversions are involved. 

The I/O-family architecture provides 
a remarkable degree of hardware abstrac
tion, because an I/O family can call other 
families to route data to the appropriate 
device. Suppose an application calls File 
Manager to perform file I/O. File Man-
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Apple will release the OS in stages. Open 
Transport for networking is already out. A 
mid·1997 release will provide: 

• Native PowerPC multithreaded Finder. 

• Java virtual machine. 

• Advanced user·interface elements. 

• OS parts for 680xO-based Macs. 

• The Patch Manager's limited support 
for 680xO-trap patching. 

• Complete memory protection for the 
kernel, drivers, and server tasks. The 
kernel provides preemptive schedul ing 
with priority levels. 

• Limited memory protection and coop
erative task scheduling for existing 
applications that require user interface 
(necessary for compatibility). 

• Support for mUltiple processors. 
Quick Time 2.5, QuickDraw 3D, etc., 
already multiprocessor-ready. 

ager first calls a fi le-system family. This 
family calls a file-system plug-in, which 
implements a particu lar OS fi le format, 
such as the Mac's HFS or Windows NT's 
NT File System (NTFS). 

The file-system plug-in next calls the 
block-storage fami ly, which orchestrates 
operations on large-capacity, random
access storage devices, such as hard drives, 
CD-ROMs, or digital videodiscs (DVDs). 
This family in turn calls a disk-driver plug
in or a network plug-in ifthe target device 
is on a network. If the disk-driver plug
in is called, it might call the SCSI family or 
the ATA family, depending on whether the 
target device is a SCSI or an IDE drive. 

Adding a new device usually requires 
writing a driver that conforms to the 
Open Firmware specification (IEEE-1275-
1994) and a suitable plug-in. Practically, 
the Mac OS probably won't use an NTFS 
plug-in, because you normally access such 
storage indirectly through a networked 
NT server. However, that you could write 
such a plug-in shows that the microker
nel is completely uncoupled from its file 
system. So, if Apple uses a better file-sys
tem format later, it can add a plug-in with
out revamping the system sofrware. 

Furthermore, access to new device 
interfaces and peripherals is vastly sim
plified. Normally, you'd have to wait for 
a new OS release to gain use of a new 

device interface (e.g., IEEE-1394 Fire
wire). With Copland, you simply add a 
Firewire board and the corresponding 
plug-in modules that handle the Firewire 
interface. You then connect a peripheral. 

The Once and Future OS 
The major problem with Copland: When 
will it finally ship? While the incremen
tal-release strategy is difficult, Apple has 
shown it can add new capabilities to Sys
tem 7.x without overhauling the OS code. 
Open Transport's release is a prime exam
ple. This Copland networking technol
ogy was in users' hands last year, letting 
Apple fix bugs and tune performance 
before Copland itself ships. Still, releas
ing the micro kernel as soon as is practical 
helps Apple, because it will significantly 
enhance the Mac platform. 

First, Copland will boost the perfor
mance of PowerPC systems by eliminat
ing almost all the emulated 680xO code. 
The staged-release schedule also offers 
the possibility that some Copland services 
will appear on 680xO-based Macs. The 
new memory services will also make ef
ficient use of available system RAM. 

Another major benefit is that Copland 
will exploit the computing power of mul
tiprocessor systems. The OS will distrib
ute tasks, which server applications cre
ated by calling the micro kernel services, 
among the processors for bet ter load 
balancing. (Forcompatibiliry, applications . 
that spawn threads via Thread Manager 
must be cooperatively scheduled.) 

Technologies such as QuickDraw 3D 
and QuickTime 2.5 a lready use reen
trant code and can automatically leverage 
the power of a multiprocessor system 
under Copland. The multiprocessor sys
tems from Apple and DayStar Digital pro
vide the hardware necessary for work in 
this area. 

Finally, Copland 's hardware abstrac
tion will let clone vendors offer a variety 
of systems. One vendor might opt for low
cost parts, while another might provide 
advanced high-performance peripherals 
for vertical markets or custom jobs. This 
variety lets you pick the system that best 
fits your needs, and the competition will 
hold the line on system prices. Ii) 

Tom Thompson is a BYTE senior technical 
editor at large with a B. S.E.E. degree from the 
University of Memphis. You can contact him 
on the Internet or BIX at tom_tho mpson 

· @bix.com. 
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• True RAID data integrity 

• Fast throughput-17mb/sec 
• Up to 25.2GB storage 
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When you need your data safe, 

reliable, and ready, the Integrix RD10 

delivers high performance with low 

cost per Mbyte . 

Thanks to a dedicated 33M Hz RISC 

processor and enhanced RAID technology, 

combined with dedicated I/O processors for each 

drive and host, the RD10 reaches throughput 

speeds in excess of 17Mbytes/sec. For high 

availability environments, dual fast/wide SCSI ports 

make your data available to two hosts simultaneously. 

Five different hardware RAID levels, hot spare disks, 

and hot-swappable drives keep your data safe and secure. 

Data automatically and transparently rebuilds on the spare 

drive eliminating downtime and data loss. Data integrity is 

assured for all mission-critical applications. 

The RD10 Graphical User Interface eliminates the need to 
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manual. Historical performance software analyzes and fine tunes 

your RAID. Configuration and firmware upgrades can be handled 
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• Get the best. most accurate 
IUIl-sustem diagnostics pac Mage 
lor all uour problem PCs. 

• Low-Leuel Formats all hard 
driues inClUding IDEs. Allows 
relocation 01 TraCM O. 

• WorMs with anu PC regardleSS 
01 O/S: DOS. Windows 95 & nT. 
0/S2. UniH. nouell. etc. 

Loop-back Plugs-
9-pin serial, 25-pin serial 
and 25-pin parallel 
plugs, used for external 
I/O port testing. 

2 Micro-Scope 
floppy disks
containing the best 
PC diagnostic tools 
on the market. 
Comes with both 3.5" 
and 5.25" disks to 
work with any PC. 

FUIIU O/S Independenl 
dlagnosllc sollware ... 

Call for upgrade pricing & 
complete new features list! 

MICRO-SCOPE Universal Computer Diagnostics was developed to satisfy 
the expanding need for accurate system diagnosis in the rapidly growing 

desktop computer market. Patterned after super-mini and mainframe diagnostic 
routines, MICRO-SCOPE runs independently of any standard operating 
system, and is therefore at home on any machine in the Intel world. Speed, 
ease-of-use, and razor sharp ACCURACY are a few of the advantages that arise 
from this system independence. Jerry Pournelle awarded MICRO-SCOPE & 
POST-PROBE the User's Choice Award in the May 1994 issue of Byte Magazine, 
saying: "You name it, this tests it. If you maintain PCs you'll love it." 

• LOW-LEVEL FORMAT- Performs low-level format on all hard drives 
including IDE drives . • TRUE HARDWARE DIAGNOSTICS-Accurate testing 
of CPU, IRQ's, DMA's, memory, hard drives, floppy drives, video cards, etc . 
• RELOCATES TRACK 0 on hard drives that support relocation . • IRQ 
CHECK-Talks directly to hardware and shows 110 address and IRQ of 
devices that respond . • O/S INDEPENDENT-Does not rely on O/S for 
diagnostics. Talks to PC at hardware level. All tests are full function regardless 
of O/S (Le. Windows, Novell, UNIX, 0/S2) . • IRQ DISPLAY-Show bits 
enabled in IRQ chip for finding cards that are software driven (Network, Sound 
Card, etc.) . • MEMORY DISPLAY-Displays any physical bit of memory 
under 1 MB. Very useful for determining memory conflicts and available 
memory space . • AND MUCH MORE_. _ We don't have enough space here for 
everything this software can do! 

Govt. Orders: NSN-7030-01-421-6459 

Call now lor Special priCing 

Complete MicrO-Scope Manual- easy to 
follow testing procedures and detailed error 
code descriptions. See the features list at left to 
view some of the incredible wealth of testing 
capabilities this program contains. 

IVIICAD 
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Extensive Post-Probe Manual-exhaustively complete, 
containing BIOS error codes for most PCs on the market. 
Look up the 2-digit error code in this manual and instantly 
diagnose your PC's problem. Also contains common chip 
diagrams, descriptions and complete troubleshooting tips. 
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Durable Zip-up Leatherette 
Carrying Case-all your tools 
in one organized easy to carry 
toolkit. 

Post-Probe Diagnostic Card
when Post-Probe detects an error, 
a 2 digit BIOS code will display on 
the card telling you exactly what's 
wrong with your PC. 100% com
patible with all ISA, EISA, Compaq 
and Micro-Channel PCs. 

Micro-Channel Adapter Card
(behind Post-Probe card) allows Post
Probe to be used with Micro-Channel 
equipped computers. 

~ Optional Tutorial 
and PC Trouble Shooting 
Videos-Call for titles and 
current prices. A wealth 
of technical help at your 
fingertips. 

PC won 'I bOOI UP? Find oul whu 
laSI with our uniuersal POST card ... 
"rpltis is the only card that will function in every system on the market. The 

1 documentation is extensive, and not only covers the expected POST 
Codes for different BIOS versions, but also includes a detailed reference to the 
bus signals monitored by the card." -Scott Mueller from his globally 
recognized book, 'Upgrading & Repairing pes, Second Edition' 

• Includes pads for voltmeter to attach for actual voltage testing under load. 
• 4 LEDs monitor +5vdc -5vdc + 12vdc -12vdc . • Monitors Hi & Lo clock and 
OSC cycles to distinguish between clock chip or crystal failure . • Monitors I/O 
Write and I/O Read to distinguish between write and read errors . • Accurately 
monitors progress of POST for computers without POST codes . • Reads POST 
codes from any mM or compatible that emits POST codes. ISAIEISAIMCA. 
• Compatible with Micro Channel computers . • Dip switch allows easy selec
tion of I/O ports to read . • Includes 1RI-STATE LOGIC PROBE to determine 
actual chip failures . • Manual includes chip layouts and detailed POST proce
dures for all major BlOSs . • AND MUCH MORE ... call for more details. 

Govt. Orders: NSN-7025-01-421-6467 

MiCrO 2000. Inc. Makers of Professional PC Diagnostic Tools 
1100 East Broadway, Suite 301 , Glendale, California, USA 91205 
Toll Free: 800/864-8008 • Phone: 818/547-0125 • Fax: 818/547-0397 
Web Site: http://www.micro2000.com 
International Orders please call: 
Micro 2000 Australia .. .... .. ...... 61-42-5~744-~1~444ji ••••• 
Micro 2000 UK .. .... .. .. ......... 44-1462-483-483 
Micro 2000 Amsterdam ...... .. 31-206-384-433 
Micro 2000 Germany ........ .... 49-69-420-8278 

Copyright e 1996 Micro 2000, Inc. All Rights Resen'ed. 
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I NTERCON -PRODUCTS 
PrintServers and PrinterPeriphe ra ls 

II 
NetWare 
Tested and 
Approved 

(E 

Multiprotocol support of 

• SNMP (MIB II) 
• NOVELL (IPX) 
• UNIX (TCP/IP) 
• Apple EtherlTokenTalk 
• Windows NT (TCP/IP) 
• Windows '95 (TCPIIP) 
• Windows for Workgroups 

Hardware Support 
• Ethernet lOBase2 (BNC), lOBase5 (AUI), 

lOBaseT (RJ-45) 
• Token Ring STP (IBM Typ1l2), 

UTP (IBM Typ3) 

Printer / Plotter connections 
• Interfaces for MIO Y.5.x printers/plotters 
• Interfaces for KYOCERA FS printers 
• Interface for EPSON printers (Type B port) 
• Interface for M-Tally MT350/360/380 
• 2x Serial RS232 (Box-Versions) 

L-_ -=--___ __ ~~ ____ ,____,____-----'. 2x Centronics (Box), Ix Centronics (Pocket) '--"---"-~~~~~~~== 

Features 
• HTML configurable with Internet browsers 

like Microsoft Internet Explorer or 
Netscape Navigator 

• MuItiprotocol support of all mentioned 
operating systems 

• Automatic recognition of the used 
network connector 

• Software update and upgrade via download 
in Flash-EPROM 

• Printer status request from host computer 
• Automatic protocol recognition 

~~~;~~~~~~'!"Ifi-""""",..;~~:ii~~:; . Configuration parameters can be edited 
~ by software 

" 

• Automatic recognition and reaction to 
changes in the network environment 

• Supports 64 queues on 16 servers (Novell) 
• Easy installation via PCONSOLE (Novell) 

~ .. ~',,'\~,:, :,~,: ;~' : ; .. :' ~ 
More information about InterCon-Products 5 

SEH Computertechnik GmbH, Germany 
Sunderweg 4 D-33649 Bielefeld 
Phone: +49/521194226-0 
Fax: +49/5211444049 EH 
Internet: http://www.seh.de 

I NTERCON-ETH ER-MT 
E-Mail: info@seh.de 
CS-Id: 100742,1452 Computertechnik GmbH 
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It's a rapidly changing world out there and you don't want 

to lose touch with It. So don't. INTRODUCING AIRMEDIA LIVE. 

IT'S WIRELESS. We continually broadcast the best of the 

Internet directly to your PC, without needing to be 

on-line or tying up a phone line. AlrMedla Live Internet 

Broadcast Network delivel'S breaking headline stories 

from sources like Reutel'S, the latest stock market 

updates from financial sites including Quote.com 

and up-to-the-minute sports scores from services 

, like SportsLine. AlrMedia Live never sleeps-you get 

E-Mail alerts, weather forecasts, entell

tainment reviews and more. Beamed 

right into your computer. DON'T SEARCH, 

BE SOUGHT. Once you've signed up, relax 

and use your computer as you always do. 

Before you know It you'll have audio and 

visual alerts flying In wlrelessly hot off 

the Inteme' .... and appearing above what

ever application you are using. Click on 

one of these alert icons and now you've 

got your finger on the pulse of the web. 

. _. 
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FOR THOSE WHO NEED TO KNOW FIRST. So how do you get 

your hands on this revolutionary service? Simple. Install 

a Global Village NewsCatcher along with our award 

winning multimedia software. Then sign-up and keep in 

touch with the world that counts the most .•• yours. 

Visit us at www.airmedia.com or call1-800-AIR-MEDIA. 

AirMedia 
KnOWIng now makes the dIfference. 

; 
New!sQI1tcher 

NewsCatcher from Global Village Communication. Featuring the AirMedialive Internet Broadcast Network. Now available in a computer store near you. 
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SUREAIR 
Excfusil'e National Installer 

ISDN _ 9.6 Minutes 

DirecPC .1.98 Minutes 

! Shorter bars are better! 

"'~ G E1S,Al 
Let GeoSat put the world in your hands. 

Shipping not included. All returns must have RMA# and be in original condit ion. 30 day money back 
guarantee. minus shipping. 10% restocking. 7% cancellation fee. Orders charged, processed and tested 

prior 10 shipping. All logos are trademarks of their respective companies. Not responsible for typogmph
ical errors. * 100% Compatibility Guarantee involves certain restrictions, call for detai ls. Hughes Network 

Sy~tel1l ~ In1>ight Dire;.;PC. <lIlJ Turbo Internet are trademarks of Hughes Network Systems, Inc. 
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Imagine if you could take all of your forms-based data 
and instantly send it to your database-no manual data 

entry, no delays. Stop imagining and do it today with 
TELEjonn, the most accurate and affordable fo rms 
processing software available. 

TELEjonn has the power, speed and accuracy you 
need to automatically collect data from scanued or faxed
in forms. Using familiar communications-paper and 
pen, fax machines and modems-TELEjonn reads 

hand-printed, typed and filled-in data. 

AUTOMATED 
DATA ENTRY. 

ACCURACY 
FROM A TO Z. 
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Eliminating data entry means your staff will be free 
for more productive activi ties. Having data entered 
in seconds means increased productivity-you'll 
work smarter, capture more data, faster and 
with less effort. 

Thousands of companies use TELEjonn to 
make their businesses more efficient. Join them by 
calling 800-659-8755 today. 

.~ UlJL"iUY lINi; Cl!ll.Ul :tiI . ; 
For more information, visit Cardiff Software's 

Web site: http:www.cardiffsw.com . 

READS OPTICAL 
MARK RECOGNITION 
ENTRIES IOMR) 

, .11 3 . 

REGISTRATION FORMS, 

SALES ORDERS, CLAIMS, 

TIME CARDS, SURVEYS 

AND MORE. 

~ Cardiff~t-Software' 
PHONE: 619-752-5200 FAX: 619-752-5222 

Go From Paper To Electronic Forms 
mips TransForm Suite ™ 

The Total Solution for creating and using electronic forms. 
Includes TransForm TM, TransFill™ and WordFiUTM 

TransForm -Uses artific ial intelligence and multiple OCR engines to redraw your scanned form into 
a fu lly editable vector graphic. Convert your paper forms to electronic forms in seconds by scanning 
or faxing them into TransForm. 

TransFiII -An MS Access based form fi ller. Set up complex calculations with an easy point and click 
interface. Save the data you've entered to TransFill's database or your own database for future access. 

WordFili - The ideal solution for easily processing forms directly into MS Word. Import forms 
created or scanned in TransForm, including data-entry field information, straight into MS Word. 

SRP $299.00 
t/ Automatically creates intell igent WYSIWYG form templates for use with MS Word for 

Call mips at (800) 898·8580 
Windows and MS Access, ensuri ng compatibility with the most popular e-mail, routing 
and internet packages. 

t/ Supports calculations, range checking, data validation, look-ups, and multi-database 
look-ups with database attachments to Access, DBase, FoxPro, SOL Server, Paradox, 
Btriev, ASCII delimited, ODBC and many more. Also available 

through: 

~ 
800-EGGHEAD 

• 800-555-MALL 

C'OMP~~'1 
800-COMPUSA 
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Windows 3 1 & 95 Compatible 
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13240 Evening Creek Dove, Suite 31 1 . San Diego, CA 92128 

NOVEMBER 1996 BYTE 1 65 



BOOST YOUR PRODUCTIVITY., 
INTRADISK™ FROM MRT. 

If you communicate in open or closed networks, you will know all too well that the volume of information a network manages 

and the number of users connected have a significant effect on the access time to the data. Faster processors generally offer only 

a shortterm - and expensive - solution to this problem. But now things are changing! The new IntraDisk'" from MRT will meet 

both your current and future needs. IntraDisk'" pushes the specific information you require up to the surface. And unlike normal 

storage media, IntraDisk'" utilizes ultra-fast DRAMs, allowing you to access information 100 times faster. With an access time of 

,. under 1 00 ~s, you can process up to 3300 I/O requests per second depending on the application. And thanks to 

its modular design you can start at 128 MB and grow up to 1 GB per unit. See for yourself! IntraDisk'" is more 

than just a storage device. It's a complete storage solution. Interested in finding out more about IntraDisk'"? 

• Simply give a call, send a fax, e-mail us or visit our homepage. MRT micro 

Inc., USA, 8400 E. Prentice Ave. Suite 325, Englewood, CO 80777 - USA, Phone: 

+ 7303793 3660 or 888 MRT Sale, Fax: + 7 303 793 3726, E-Mail Sales & 

Shipping: MRTUSA@aol.com, WEB site: http://www.mrt.no 
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Keep Networks 
Safe from Viruses 

Your network can spread viruses, but it can also help get rid of them. Here's how. 

By Barry Nance 

... ,.. .. he movie Independence Day showcased some clev
er humans defeating aliens by planting a virus in the 
alien mother ship's computer. The ship-the big

Ii ..... gest file server ever-suffered physical damage and 
crashed. Obviously, the aliens hadn't heard of antivirus software. 

Couched in a large dose of poetic license, this entertaining 
science fiction tale brings 
computer viruses to our at
tention yet one more time. 
Here on earth, computer vi
ruses are a real threat to your 
data and your networks
but aliens aren't the culprits. 
Rather, a few individuals feel 
the need to distribute delib
erately buggy software. 

Viruses have been a prob
lem for years, of course, but 
their threat is heightened 
today because of our grow
ing interconnectedness. We 
now regularly share files on 
servers, download files from 
the Internet, and accept at
tachments to e-mail mes
sages. Anyone of these ev
eryday activities can load 
buggy software into our 
computers. And no form of 
computer file seems to be 
immune. Java applets, Ac
tiveX components, and word 
processing and spreadsheet 
files all can--:-and do-con
tain viruses. 

Fortunately, there is help. 
A comprehensive backup 
plan and centralized antivirus scanning can reduce viruses to 
mmor annoyances. 

Network Vulnerabilities 
Encountering a virus is riskiest on a network because of the in
discriminate way that people share executable files and data 
files alike through the file server. Combine inadequate data back
ups and a virus that's allowed to go unchecked for a period of 
time, and the cost to your organization in lost data and wasted 
time can be enormous. 

Most organizations encourage the use of antivirus tools, but 
virus awareness is often left for individual departments or remote 
offices to administer. This is a mistake. Centralized, enterprise
wide virus detection and reporting are important, and for an 
important reason: An organization must know quickly whether 
it's dealing with an isolated virus incident so it can keep the cost 

of antivirus measures com
mensurate with the level of 
threat. T he most effective 
antivirus procedures are 
those that apply to an entire 
enterprise, use the organi
zation's network to report 
any problems, distribute 
antivirus software updates 
over the network, and, via 
the use of log-in scripts, en
force the regular use of anti
virus software. 

But even before you can 
dea l effectively with the 
problem by launching an en
terprise-wide plan, you've 
first got to cut through all 
the vocabulary and euphe
misms that have sprung up 
around viruses. Repeat after 
me: A computer virus is a 
buggy program that executes 
on the computers attached 
to your network. It's not a 
germ; viruses don't spread 
the way germs do . A virus 
simply copies itself through 
the file system on your com

~ ~ puter or file server. 
An antivirus utility does 

not "inoculate" your system or "disinfect" your Pc. It scans 
for known virus programs, removing buggy programs and 
their effects using normal file - or disk-management opera
tions. And what seems like an "outbreak" is not a contagious epi
demic, but rather the result of a virus reading your computer's 
clock and taking some sort of action (erasing files, perhaps) on 
a certain date. 

A computer virus is not self-aware. When an unsuspecting 
victim executes a program containing a virus, the virus program 
or program segment copies itself to another program file. The 
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MINITAB® 
Statistical Software. 

Master your data with ease. 
For over 20 years in over 80 countries, users have experienced the power and simplicity of MINITAB 

Statistical Software. Used in businesses from start-ups to Fortune 500 companies, MINITAB is: 

• Poweiful and comprehensive - an "all in one" statistical • Available on multiple platforms - MlNITAB Statistical 

software package from basic to complex statistical functions Software runs on Wmdows® '95, Wmdows® 3.1, 

• Easy to use- with dialog boxes and prompts every step of the way Wmdows NP
M

, Macintosh and Power Macintosh 

• Easy for data entry or importing - enter data into MlNITAB • Fully supported - on-line HELP is easy and quick plus skilled 

worksheets or import data from Excel®, Lotus® and other programs technical specialists are just a phone call away 

• Ready to use right out of the box - with MlNITAB Statistical • Affordable - priced under US $1,000 

Software, there is no lengthy learning process and a simple and • Guaranteed - when you purchase directly from MlNITAB, 

quick tutorial gets you working right away you receive our unconditional30-day, money-back guarantee 

Moving data 
between MINITAB 

and other packages, 
including Excel and 

Lotus is a breeze 

Seal Strength 

30 

20 

10 

170 
Hot Bar Pressure 

220 12 

Your data comes 
alive quickly 
and attractively 
with MINITAB's 
presentation 
graphics. 

Dwell Time 

With MINITAB's 
wide range of 

analytical tools, 
you have complete 

flexibility in 
analyzing your data. 

MINITAB has pull-down menus for 
all of its statistical capabilities. 

Just click and work with your data! 
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To learn more about MINITAB, 
visit us on our Web site: MINITAB INC ==~ 
http://www.minitab.com Making Data AnalysiS Easier ~--= 

Minitab Inc., 3081 Enterprise Drive, State College, PA, USA; 
[n E}lrope, call +44-(0) 1203-695-730; Outside Europe, fax 814-238-4383. 

All product names are trademarks of their respective companies 
© Minitab [nc., 1996 MINITAB is a trademark of Minitab Inc. 
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MINTAB 
STATISTICAL 
.sOFTWARE 

MINITAB Statistical 
Software runs 
on Windows '95, 
Windows 3.1, 
Windows NT, 
Macintosh and 
Power Macintosh. 

To order MINITAB 
Statistical Software, call: 

800·448·3555 814·238·3280 
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target program is typically an executable 
file, but it can also be the master boot rec
ord of the hard disk. The new copy of the 
virus in the infected program also inher
its the ability to copy itself when run. 

Some viruses do nothing else but make 
copies of themselves. Or they might sim
ply display a message on a certain date. 
But others are not so benign-they strike 
by changing or deleting your files. 

It's a popular misconception that vi
ruses affect only DOS-based computers 
and that protected-mode systems, such 
as OS/2, NT, and Unix, are immune. But 
viruses can attack these OSes. Viruses de
signed to infect native OS/2 executables 
are more complicated to write than their 
DOS counterparts. However, dual-boot " 
OS/2 systems that occasionally run DOS 
are subject to the thousands of DOS-based 
viruses. These buggy programs can alter 
boot records and DOS program files on 
OS/2-based machines. 

In addition, we know of two OS/2 vi
ruses : OS2virl and Jiskefet. OS2virl re
places all EXE files in the current direc
tory with copies of itself. As a result, this 

Networks Safe from Viruses 

One Virus, Many Consequences 
MDMA Microsoft 
Word macro vil1ls 
resident 011 selYer 

Windows 95 
Kill "C:\shmk" 

LAN 

Kill "C:\windows\ * .hlp" 

F-. Macintosh 
Kill MaclD$ ("***** ") 
(deletes all files) 

Kill "* .*: 
Kill "C:\ shmk" 

Kill "C:\windows\system\ * .cpl" 
Damage to the registry 

~
WindOWSNT 

Once a macro virus. such as MDMA. infects a server. it can create 

cross-platform havoc throughout an organization. 

virus is hard to overlook and thus does 
not spread very far. OS2virl displays mes
sages identifying the files that it's replac
ing as it runs. 

Jiskefet replaces EXE files with a new 
file that contains the original EXE file. 
When the new, infected file is executed, 
it re-creates the original EXE file under 



EXPLORING 
CHEMISTRY 
fOR WINDOWS 
EXPLORING CHEMIS-TRY 
contains a large num-ber of 
topics, which include: the 
laws of chemistry; La-voisier, 
D a lto n a nd Prou st; the 
weighted balance of chemical 
rea c ti o ns; matt e r ; pure 
sub sta nces a nd mi xtu res ; 
eleme nts and compounds; 
atoms and mo-lecules; atomic 
models; the orbital quantum 
model and chemical bonds. It 

The EXPLORING series is a multi-media 
collection for Secondary School students, 
designed specifically to help them learn in 
a simple and intuitive manner. It is not 
intended solely for students but also for anyone 
wanting to increase and broaden their knowledge of 
a specific subject. The user can learn all the information 
either by following the topics step by step or by navigating 
through the contents . Learning is pleasant and the results are 
guaranteed thanks to particularly sophisticated multi-media 
techniques, such as the use of graphics for a more effective 
understanding of the contents, hypertext links for moving 
from a given topic to other related ones and helpful functions 
for searching for the best-known terms. 

is also possible to select the 
e le me nts o n the bas is of the ir 
chemical and physical properties 
and to make a comparison of the data 
for several different elements by 
creating a graph. 

EXPLORING PHYSICS 
fOR WINDOWS 
EXPLORING PHYSICS is spli t up into several learning units 
covering the main topics of physics: the measurement of physical 
magnitudes; units of measurement; the analysis of experimental 
data ; from the analys is of data to physical laws; speed, 
acceleration and force ; equil ibrium in stiff bodies and fluids; 
energy, temperature and heat; and electricity and the related 
phenomena. 

EXPLORING 
BIOLOGY 
fOR WINDOWS 
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EXPLORING 
MATHEMATICS 
fOR WINDOWS experimental analysis, scientific 

methodology, the instruments of 
scientific enquiry, the features 
underlying li fe, including the 
mol ec ul es that make up th e 
structure of sugars, lipids, proteins 
and nucleic acids. The cell and its 
components, glycol isis, Krebs' 
cy cle , cellul ar re spira tion , 
fermentation, chlorophyll related 
photosynthesis, genetics, nucleic 
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EX PLOR I NG MATHE
MATICS covers a range of 
many di fferent topics: sets and 
their re lati onships, classes of 
equivalence, real and non-real 
numbers, operations and pro
perties, algebraic expressions, 
monomi als and polynomial s, 
logical operations, equations and 
di sequation s, sys tem s o f 
equations and disequations and 
their performance, 1st and 2nd 
degree equation s, radi cals, 
pa rametric equa tion s and 
biquadratic equations. 

Available in English, German, Spanish and Italian 
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acids, DNA and RNA, DNA duplication, proteic synthesis, cell reproduction, 
Mendel's laws, sexual reproduction, modern genetics, genetic diseases, Darwin's 
and Lamarck's theories of evolution, proof of evolution, evolutive mechanisms, 
the origin of life, the classification of life-forms, the binomial list, classification 
criteria. The kingdoms into which living beings are divided are also dealt with: 
the Viruses, the Monera, the Protista, the Fungi, the Plantae and the Animalia. 

Minimum configuration: 100% MS-DOS compatible PC, CPU 80386 or higher, 4 Mb of RAM (8 Mb are recommended), hard 
disk with 6 Mb of available space, mouse, VGA graphic card or higher, Windows 3. 1 or higher. 
Recommended: Windows compatible audio card, Windows compatible printer. 
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MS· DOS Jnd WINDOWS are registered trademarks of Microsoft Corporation. 

0j) t:«f!~@fM 
Via Montepulciano, 15 
20124 M ilano (ITA LY) 
Tel. +39-2-66987036 
Fax +39-2 -66987027 

E-MAIL : f inson@finson .it 

FINSON ( UK) L t d . 
Parallel House - 32 London Road 

Gu ildford - S u rrey G U1 2AB 
Tel. +44-1483-451856 
Fax +44-1483-452144 

E-MAIL: f inson@ f inson.co.uk 

For more information and demos: 
http://www.finson.com 



Keep Networks Safe from Viruses 

another name and then executes the orig
inal file. Jiskefet is not particularly ef
fective at finding new files to infect. Sim
ilar viruses in the DOS world have never 
spread exceptionally well, which suggests 
that Jiskefet will not pose any significant 
threat to OS/2 systems. 

Both Windows 95 and NT are fertile 
ground for the spread of DOS viruses, as 
well as viruses specially targeted for Mi
crosoft's two latest OSes. Every unique OS 
requires individually tailored antivirus
protection software. 

Viruses that infect files typically install 
themselves as memory-resident TSRs. 
Win 95 and NT support TSRs running in 
DOS sessions. These memory-resident vi
ruses can infect new programs or floppies 
as they are used. Some file-infecting vi
ruses fail in the NT (and OS/2) environ
ment because they attempt to use undoc
umented and unsupported DOS features. 
A memory-resident virus can't spread 
directly between separate DOS sessions, 
but any program executed in a DOS ses
sion that's running a virus will likely be
come infected. continued 

Threats and Countermeasures 
Viruses can infect an enterprise via server files, floppies, the Internet, 
or remote connections. Each entrance requires a different protection plan. 

TJjreat 

Vinas resident on server; 
all users at risk. 

Countermeasure 

Infected floppy. 
Local server system 
at risk. Files shared 
or put on server can 
spread. 

Countermeasure 
Virus checker to 
screen floppies 
locally. 

Internet 

". . "' 't o • 
- " 

l ~ __ ____"_ 

TJjreat 
Mobile or remote 
users exchange or 
update large 
_nts of data. 
Risk of infection is 
greater. 

Countermeasure 
Scan files before 
upload or after 
download. Make 
frequent backups. 
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TAIPEI 

THE 17TH TAIPEI INT'L 
COMPUTER SHOW 
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Taiwan's IT exports in 1996 

shall reach US$ 25 billion, 

making it the third largest IT 

producer in the world. 

Whether it's monitors, 

notebooks, mainboards, 

scanners, keyboards, mouse 

devices, CD-ROM drives or 

multimedia kits, there's hardly 

a sector where Taiwan is not a 

potent force. The future of 3Cs 

is closely intertwined with that 

of Taiwan. 

COMPUTEX TAIPEI is your 

link to the world's most 

comprehensive IT sourcing 

center. COMPUTEX TAIPEI 

is also the entire world of 

Information Technology in 

microcosm, coming from Asia's 

technical leader. 

To be on-line with the future, 

plug in COMPUTEX TAIPEI!. 
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For more exhibition information, pieaJe contact CETRA. 
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OS/2 programs use an executable file 
format that's different from that of ordi
nary DOS programs. A file-infecting virus 
that treats an OS/2 or NT executable file 
like a DOS file will likely render the target 
program inoperable. In some cases, start
ing an OS/2 program from within an in
fected DOS session will infect the program's 
DOS stub (the part of an OS/2 program 
that prints "This program cannot be run 
in DOS mode"). 

Word processor and spreadsheet mac
ro viruses are nasty cross-platform prob
lems. The destructive MDMA macro virus 
infects Microsoft Word documents and 
has the capability to delete files (see the 
figure "One Virus, Many Consequences" 
on page 169). Because this virus is appli
cation-based, it works across many plat
forms: OS/2, Windows, Win 95, NT, and 
the Macintosh. MDMA infects NORMAL 
.DOT as well as files that use the Auto
Close macro. 

MDMA activates itself on the first day 
of the month. The result of an MDMA 
attack is different on different OSes. A 
typical effect: After the damage is done, 

MDMA displays the following text in 
a message box: "You are infected with 
MDMA _ DMV. Brought to you by MDMA 
(Many Delinquent Modern Anarchists) ." 

LAROUX is a another macro virus; it 
infects Microsoft Excel spreadsheets. LA
ROUX replicates itself but does not de
stroy data. It has been reported by only 
one company, at sites in Alaska and Africa. 

The LAROUX virus infects the PER
SONAL.XLS file, which is located by de
fault in \MSOFFICE\EXCEL\XLSTART. 
PERSONAL.XLS is a default filename sim
ilar to NORMAL. DOT for Microsoft Word 
for Windows. If this file does not exist, 
the virus creates it. 

LAROUX uses two macros to replicate: 
auto_open and check_fi 1 es . It infects 
Excel versions 5 and 7 on Windows 3.1, 
Win 95, NT, and OS/2. Because ofthe way 
it searches for PERSONAL.XLS (which is 
a DOS filename), the virus does not repli
cate on the Macintosh. 

Viruses can spread on any system on 
which a program can create or modify 
another program. And they can spread 
between users anytime a program that 

one user runs can create or modify a pro
gram that another user can run. 

Viruses aren't typically network-aware, 
but there are two notable exceptions. In 
November 1988, an Internet worm infect
ed thousands of Unix -based machines that 
were connected to the Internet. And the 
CHRISTMA EXEC, a Rexx program for 
IBM's VM OS, produced millions of copies 
of itself on computers attached to Euro
pean university networks, as well as IBM's 
own computers. In both cases, the net
work structure enabled the programs to 
spread rapidly in a matter of hours. With
in a day or so, network administrators wad
ed in, disabling the programs and clean
ing up the mess. 

Recommended Dosage 
So how do you stop viruses from attack
ing your enterprise? Stopping your work 
every 10 minutes to run an antivirus util
ity is unproductive. But running such a 
utility just once every few years is a wast
ed effort. For most organizations, bal
ancing safety and productivity means 
running antivirus software as frequently 
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Ah, we knew that last one would confuse you. 

But then, which of life's complexities is tougher to 
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as once a day or as little as once a week. If 
your employees frequently use floppies 
or other uncontrolled media to transport 
data, running such a utility daily makes 
sense (see the figure "Threats and Coun
termeasures" on page 171). 

Unfortunately, the majority of anti
virus programs are outdated even before 
you install them; IBM estimates that up 
to five new viruses are written each day. 
Updates thus form an important part of 
any antivirus policy. A typical organiza
tion should plan to update its antivirus 
software at least every quarter. 

To remind you of your potential expo
sure, many antivirus programs will an
nounce their staleness when a certain date 
is reached. Distribute updates soon after 
the utility displays its out-of-date mes
sage, but let users know that it's OK to 
run a utility that claims it's a few months 
out of date. Be sure to distribute updates 
to all your sites on a timely basis. 

You should require 100 percent com
pliance with your antivirus procedures. 
If you achieve 90 percent, then you will 
have a fairly effective antivirus program 
in place. Jfyour network OS (NOS) is Net-

WHERE TO FIND 

Cheyenne Software Intel Corp. S&S Software TCT -ThunderByte 
Roslyn Heights, NY Santa Clara, CA International. Inc. Corp. 
(516) 484-5110 (408) 765-8080 Burlington, MA Cornwall, Ontario, 
fax: (516) 484-3446 http://www.intel.com (617) 273-7400 Canada 
http://www.chey.com fax: (617) 273-7474 (613) 930-4444 

McAfee Associates http://www.drsolomon http://www 
IBM Santa Clara, CA .com .thunderbyte.com 
Armonk, NY (408) 988-3832 
(914)765- 1900 fax: (408) 970-9727 Symantec Corp. Touchstone Software 
http://www.ibm.com http://www.mcafee Cupertino, CA Huntington Beach, CA 

.com (408) 253-9600 (800) 531-0450 
http://www http://www.antivirus 
.symantec.com .com 

Ware, consider running the antivirus util
ity in NetWare's system log-in script. Each 
computer will then scan for viruses every 
time a user logs on to the network. DOS, 
Windows 3.1, Win 95, the latest version 
of NT, and OS/2 all support NetWare log
in scripts. 

No Immunity 
Inevitably, every organization will en
counter a virus problem. Networked com
puters, especially those running DOS or 
Windows, are most at risk. Networks al
low viruses, the majority of which are 
DOS-based, to spread quickly. 

However, no computing environment 
has a natural immunity to viruses. A good 
backup of your data, along with an ag
gressive enterprise-wide antivirus strat
egy, is inexpensive insurance. iii 

Barry Nance, a BYTE consulting editor, has 
been a programmer for 25 years. He is the au
thor of Using OS/2 Warp (Que, 1994), Intro
duction to Networking (Que, 1994), and Cli
ent /Server LAN Programming (Que, 1994) . 
You can contact him at barryn@bix.com. 



THE 1996 MICROGRAFX CHILI FOR CHILDREN COOK-OFF 
TUESDAY, NOVEMBER 19, 1996 • 6 PM - 11 PM • THOMAS & MACK CENTER (UNLV) 

Let yourself go at this year 's Micrografx Chili for 
Children Cook-Off -COMDEX/Fall's premier charity event. 

It's a zesty mix of fun, fun, fun - with chili judging 
and armadillo races, all topped off with a sizzling 
concert by BTO and the VILLAGE PEOPLE. 

For ticket information, call the Chili Hot Line today 
at 1-800-357-7255. Or visit our red-hot Chili Web Page 

at http://www.micrografx.com/chilLhtml or 
drop into the Micrografx Chili for Children 
Booths at LVCC and Sands Expo Lobby at 
COMDEX/FalL What's more, mention this ad and 
you'll get $5 off the concert admission only. 

So come on out and dance the night away. 
You'll have a great time, and you'll help us all 

Your ticket to the Chili Cook-Off and concert is 
only $50 - or $25 for the concert alone. And most 
important, it all goes to support the vital work of 
the National Center for Missing and Exploited 
Children (NCMEC). ARrCftfOQHOPE go a long way towards helping missing children. 

.C HILDREN 1996 CATTLE BARON SPONSORS 
MICROGRAFX 

Proud patron of the 
Chili for Children Cook.otr 



CIS Tools 

New versions of PowerBuilder and Centura offer improved 
performance and faster 32-bit applications. By Mark Hettler 

Upgraded CIS Tools: How Much Better? 
.. --.. arlier this year, we compared 

Borland International's Del
phi Client/Server Suite, Mi

• __ .. crosoft's Visual Basic 4.0 
Enterprise Edition, Powersoft's Power
Builder Enterprise 4.0, and Gupta's 
SQLWindows 5.0 (see "New Leaders of 

the Client/Server Migration," June 
BYTE). Since then, Powersoft has released 
PowerBuilder 5.0, while Gupta has 
changed its name to Centura Software 
and issued Centura Team Developer 
1.0. These products are so improved that 
we considered it important to look them 
over and update our previous ratings 
based on the new capabilities. 

Both of these packages are develop
ment tools for creating custom, stand
alone client/server applications that let 
users enter, sort, filter,and report on your 
organization's data according to your 
business policies, procedures, and data 
operations. As in June, we tested these 
products for performance, usability, 
and versatility, using each one to develop 
an order-entry-system database of books, 
authors, and customer orders. With our 
test applications, users browse a database 
of 50,000 existing orders, enter new 

***** Outstanding **** Very Good *** Good 

orders, and run simple and complex 
reports. 

In our tests, Power Builder and Centura 
come out close together. PowerBuilder is 
a little easier to use and a little more pow
erful, but Centura builds better-per
forming applications more quickly. In the 
June review, Delphi showed itself to be 
several times faster than Visual Basic, 
which in turn was several times faster 
than its other competitors. Centura and 
PowerBuilder have narrowed the gap, but 
Visual Basic is still a solid second. 

Using NSTL's overall ratings scheme, 
Centura's greatly improved performance 
and PowerBuilder's much better versa
tility move both products within striking 
distance of Visual Basic. In fact, on the 
l-to-IO scale we use, a mere 0.2 delta sep
arates the three runners-up. Though it's 
a good performer, Visual Basic is clearly 
on a tier below the other three products 
in terms of features. Delphi, though it has 
the steepest learning curve, is still the per
formance and features champ. 

.. 
ADVANTAGES 

+ Integrated version-control system that's 

remarkably easy to set up 
+ Excellent support for three-tiered client I 

server applications that communicate 

with one another 

DISADVANTAGES 

- Repository platform requires Sybase's 

Sal Anywhere 

-Improved performance still lags behind 
the competition 

Most of the features and architecture 
that have made PowerBuilder pop

ular are still in place in version 5.0. You 
still use interfaces called painters to cre
ate the various parts of applications, and 
Data Windows allow easy implementa-

** Fair * Poor 

tion of database access. InfoMaker, the 
report generator, looks and feels much 
the same as in Power Builder 4.0, but it's 
now available as a 32-bit application. 
Developers can create reusable compo
nents called user objects, which can be 
based on built-in components or other 
user objects and inherit their properties. 

Beyond the familiar features, however, 
version 5.0 moves the product into the 
next generation of client/server devel
opment by introducing support for a 
three-tiered architecture. This capability 
is already available in Visual Basic and 
Delphi, but PowerBuilder is the best of 
the three products at providing step-by
step instructions for developing client 
and server applications that communi
cate with each other. Powersoft intro- . 
duced nonvisual user objects in version 
4.0. It extended the capability in version 
5.0 to allow the nonvisual objects of one 
program to be executed by another. 

Users familiar with PowerBuilder's 
Library Painter will go through virtually 
no additional learning curve with the new 
version-control system, ObjectCycle. 
Once you set up an ObjectCycle Server, 
you simply register the contents of a 
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library with ObjectCycle. From that point, 
you check components in and out as in ear
lier versions. Setting up the ObjectCycle 
Server is effortless. This is amazing given 
that the system must create a client/server 
database to store project data. 

-Features. 
- Application 

applications tyet available 

- Need to manQally edit configuration files 

The company that was formerly known 
as Gupta has adopted a completely 

new identity, renaming both its flagship 
software package and the company itself. 
Inside the new package, however, Centura 
Team Builder is essentially a version up
grade of SQLWindows. You still develop 
applications by w~iting code in the famil
iar Outliner interface, using the same SQL
Windows Application Language (SAL) 
commands and functions that earlier ver
sions used. 

Developers can avoid the Outliner to a 
large degree by using QuickObjects, which 
generate forms and other objects auto
matically based on input supplied by the 
developer. This isn't a new feature, how
ever, having been introduced in SQLWin
dows 5.0. The Team Object Manager is 
essentially Team Windows with a new user 
interface. Centura's much-touted Appli
cation Server, the tool for developing 
three-tiered applications, won't be avail
able until later in the year. 

The earlier version's annoying details 
are also still in place. To enable access to 
remote databases, you must still edit con
figuration files manually. Team Object 
Manager, like the earlier Team Windows, 
sti ll leads the field in maximizing the 
power of the client/server environment for 
repository-based applications manage
ment, but it's still poorly integrated with 
the main development interface. Also, 
while QuickObjects produce applications 
and components more quickly than writ
ing code in the Outliner, it is difficult and 
confusing to change properties after you 
generate them. continued 
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PowerBuilder vs. Centura 
You can access the full data, including Delphi and Visual Basic 4 .0, complete 
w ith individual weightings and scores in each category and line item, on The 
BYTE Site (http ://www.byte.com/). 

FORM DESIGN 
Visual query builder 
Query by form 
Quick form from database table 
Move fields after generating 
Quick master·detail form 
Multiple record display 

APPLICATION-CONTROL FEATURES 
Dynamic menu building 
Multitab dialog boxes 
Form can call another form 

EVENT HANDLING 
Procedures triggered by events 
Detect keystroke /mouse·click/time event 
Process based on old or new value 
Cancel any event 

ADVANCED FUNCTIONS 
Incorporate VBX and ActiveX controls 
OLE 2.0 edit·in·place 
Store OLE objects in database 

SQLSUPPORT 
GenericSQL 
Engine·specific native SQL 
Transparent joins across engines 

REPORT GENERATOR 
Incorporate report into application 
Quick report within application 
Specify selection criteria, sort order at run time 
Event procedures 
Multiple records across page 

APPLICATION REPOSITORY 
Store application components 
and reusable objects 
Store multiple versions 
Store form/report templates 

WORKGROUP FEATURES 
Check out/check in 
Built·in version control 
Version control of external files 

REMOTE AUTOMATION 
Produce remote programs 
Call and exchange data with remote programs 
Remote procedures can access database 
Call in·process OLE server 
Call out·of·process OLE server 
Produce in·process OLE servers 

OBJECT MANAGEMENT 
Copy objects between applications 
Copy code snippets between applications 
Reusable object classes 
Subclasses with inheritance 
Multiple inheritance 

PowerBuilder 

• By retrieving status codes from database. v = yes 

Centura 

t/ 
t/ 
t/' 
t/ 



" If you have multiple or remote sites, you can't do better 
than Reflection® Suite for TCPIIP. It has more features and better 

management tools than the free stacks do. It offers a broad range 
of functionality you can depend on - no matter what. " 

Reflection Sui for TCP/IP 

... UNIX, DIGITAL, IBM MAINFRAME, AND AS/400 CONNECTIVITY 

... CLIENT/SERVER, NFS, AND TCP/IP DESIGNED FOR OPEN 
STANDARDS 

... REMOTE/MOBILE OPTIMIZATIONS, WINDOWS' 3. lX, 9S,AND 
NT VERSIONS AVA/LABt-E, INTRANET/INTERNET APPLICATIONS 

... EXTENSIVE NETWORK DIAGNOSTICS, 
TROUBLESHOOTING, AND ADMINISTRATIVE 
TOOLS, PLUS SIMPLIFIED SETUP 

... FREE, ONGOING TECHNICAL SUPPORT VIA 
TELEPHONE AND ONLINE SERVICES 

http://www.wrq.com '" E-mail: info@wrq.com 

Grant Easton, Technical Consultant, Hewlett-Packard Co. 

For a FREE demonstration copy, call your 
authorised Reflection distributor 

Argentina-TCW Argentina SA (I) 314 5010 Australia-Megatec Pty, ltd. 
1 800806563 Austria-SIS Informationstechnologie Ges.m.b.H (01) 368 65 00 112 
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ADE (Toulouse) (16) 61 003232 Germany-Computing & Systems Consultants GmbH 
(0211) 53 70016 Wick Hill Kommunikationstechnik GmbH (040) 23 73 01 0 Hong 
Kong-Global Technology Integrator Ltd. 2881 4800 Indonesia-P.T. Summitra Solusindo 
(021) 659 8886 Ireland-Entropy Ltd. (01) 2940199 Israel- Yana Systems Ltd. 
(03) 557 3636 ltaly-Siosistemi sri (030) 24411 Japan-Cybernet Systems (03) 59785453 
Malaysia-SCS Computer Systems Sdn. Bhd (03) 7565800 Advantage Systems Sdn. Bhd 
(03) 703 3166 Mexico--Infosistemas Financieros (5) 813 1325 New Zealand
Interconnect (09) 358 0322 Norway-NOCOM Norge A/S 67581450 Poland-Softkom 
Sp. z 0.0. (22) 624 34 50 Portugal-Silicon (01) 795 85 85 Singapore-MicroAsia Pte. Ltd. 
4412600 Slovak Republic-lNSEKO a.s. (089) 64 88 08 Slovenia-SI d.o.o. 
(061) 161 11 57 South Africa-LAN Design (Oil) 239 5000 Spain-Scorpion Sistemas 
SA (9~) 485 4044 Sweden- NOCOM AB (018) 65 55 00 Switzerland-Commcare AG 
(01) 730 24 31 Taiwan-Ivan Information Technology Co. (02) 517 7012 Thailand
MultiLink Co., Ltd. (2) 318 8505·7 United Kingdom-Wick Hill Limited (01483) 772280 
Venezuela-Lanka Sistemas (2) 959 2411 

WRQ® 
Makers of Reflection Software 

WRQ makes PC software that COntieC~~ users to enterprise computers and Information networks:-UNIX, X, HP, Digital,.. AS1400, IBM Mainframe & Tep/II!. 

WRQ,lnc./1S00 Dexter Avenue North,Seattle,Washington 98109 USA I FAX:206.217.0293.&. European headquarters I FAX: +31.70.356.12.44'&' German office I FAX: +49.2102.4965.65.&. French office I FAX: +33.1.48.16.16.99 
.&. S.E. Asian headquarters I FAX: +65.336.5233 .&. WRQ and Reflection are registered trademarks of WRQ, Inc. All other trademarks are the property of their resptjctive holders. 
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VERSION CONTROL 

New Versions. New Controls 
In any development environment that involves more than one person, 
the issue of version control (sometimes called change control) becomes 
critically important. As a software project evolves and grows, you add 
and change routines and modules, requiring recompilation, relinking, 
and resynching of some or all of the executable files. 

impact analysis, audit trails. and management reporting. 

Both PowerBuilder Enterprise and Centura Team Developer include 
facilities for version control, and both use client/server database tech
nology to create and manage a shared, central object repository. 
Centura's Team Object Manager lets developers choose from Oracle, 
Microsoft, Sybase, or Centura databases for a repository platform, 
while PowerBuilder's ObjectCycle requires Sybase's Sal Anywhere. 

Important tasks related to version control include the administra
tion of multiple platform versions, configuration information, build 
management. quality control, and release management. Both com
panies claim that their version-control facilities are up to the com
plete task. For example. PowerBuilder has a build process that's quite 
different from that used in a C or C++ environment. Third-party tools 
have only a limited abil ity to handle such product-specific, cross-tool 
builds. and that can limit their usefulness and versatility. Centura has 
a build management feature with which you can specify how different 
files come together to constitute a deployable application. 

Object-based systems must store many types of objects together 
with their properties and histories. including windows stored in libraries, 
menus, ActiveXes, bit 'maps, icons, DlLs, and even Word documents. 
Centura Team Developer features a graphical class browser that visu
ally describes inheritance relationships among objects and classes, 
management reports that detail where an object is used in an appli
catio,n, ownership information on objects, the assignment of separate 
roles to team members who function as class engineers or object assem
blers, version control of objects, and much more. PowerBuilder has 
ObjectCycle Manager (see the screen at the right), a graphical inter
face to the ObjectCycle Server that provides administration of 
PowerBuilder objects and projects, and version control for non
PowerBuilder objects. Centura's Team Object Manager supports proj
ect branching (e.g., running developmentfor versions 1.1 and 2.0 con
currently), coding standards management. deployment management. 

With all these holdovers, why did we 
bother with Centura? Its major new fea
ture is that it now supports the develop
ment of 32-bit applications, a change that 
significantly improves performance (see 
the section below). In addition, the pack
age incorporates Centura Ranger for data
base replication. Many leading database 
vendors (e.g., Oracle, Sybase, and Micro
soft) support replication. Centura's strat
egy is to approach the issue from the client 

. PRODUCT I NFORMATION 

Centura Team 
Developer 1.0 
$4995 
(486 or better, 8 MB 
of RAM; 80 MB of disk 
space, Windows 95 or 
WindowsNn 
Centura Software 
Corp. 
Menlo Park, CA 
(800) 444-8782 
fax: (415) 321-5471 
http://www 
.centurasoft.com 
Circle 1004 
on Inquiry Card. 

PowerBuilder 
Enterprise 5.0 
$2995 
(486 or better, 12 MB 
of RAM [16MBis 
recommended], 32 MB 
of disk space, Windows 
3.1 x, Windows 95, or 
WindowsNn 
Powersoft Corp. 
Concord,MA 
(800) 395-3525 
(508) 287-1500 
fax: (508) 369-8639 
http://www 
.powersoft.com 
Circle 1005 
on Inquiry Card. 
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side, providing heterogeneous replication 
between a variety of database formats. At 
present, however, it supports only SQL
Base and Oracle databases; replicating 
Oracle databases requires buying an addi
tional product from Centura. 

Performance 
NSTL ran PowerBuilder 5.0 and Centura 
Team Builder through the same bench
mark suite used in the June review, with 
the identical configuration: We executed 
applications on a Dell Dimension XPS P90 
with 24 MB of RAM running Windows NT 
3.51, accessing a Microsoft SQL Server 
database. This allowed us to compare the 
results directly to those ofthe June review, 
where PowerBuilder and SQLWindows 
trailed Delphi and Visual Basic by signifi
cant margins. 

Both products are markedly faster, but 
Centura is by far the more significantly 
improved. This is due largely to its 32-bit 
capability; the previous 16-bitversion was 
at a disadvantage to the other three prod
ucts in the earlier review. However, data 
retrieval is dramatically improved as well. 
The time to retrieve a 50,000-record data 

set is 80 percent shorter. Report genera
tion takes a third less time for a complex 
report, more than half for a simple report. 
These improvements are enough to move 
Centura ahead of PowerBuilder, though 
it's still well behind Delphi and Visual 
Basic. 

PowerBuilder has introduced a new 
machine code compiler. By Powersoft's 
own admission, however, the benefits for 
such operations as data retrieval and screen 
drawing- which are, after all, the central 
facets of an on-line database application
will be minimal at best. 

Nonetheless, Power Builder 5.0 shows a 
consistent 20 percent to 30 percent in
crease over version 4.0 on most of the tests. 
Report execution times are reduced by 
more than a third, largely because the Info
Maker report generator is now a 32-bit 
application. 

In the final analysis, PowerBuilder beats 
Centura (despite the latter's improve
ments), and neither beats Delphi for fea
tures and performance. III 

Mark Hettler is a senior technical editor at 
NSTL. Youcanreachhimatmarkh@nstl.com. 



Real-Time Systems 

ObjectCeode, an 00 CASE tool for real-time development, is a 
suite of tools based on accepted standards. By Rick Crehan 

Real-Time RAD 

.. - .. bject-6riented (00) CASE 
tools have been notoriously 
deficient when applied to 

.. __ • real-time applications. Now, 
Verilog's ObjectGeode, with its triad of 
interwoven editors, will take on this real
world challenge. 

Opponents of generic 00 method
ologies complain that they are not effec
tive in modeling the asynchronicity, con
currency, and distribution of real-time 
systems, and that typical 00 CASE tools 
provide no formal connection between 
abstract models and programs. 

Consequently, ObjectGeode has 
some rapids to cross. It does so by lash
ing together a collection of tools based 
on well-accepted standards. 

Editors, Editors 
I tested ObjectGeode on a SparcClassic 
running Solaris 2.5 .1t is also available for 
SunSparc, Hewlett-Packard Series 9000/ 
7xx-8xx, IBM RS/6000 and PowerPC, and 
DEC Alpha/OSF1. 

At ObjectGeode's core are three edi
tors : object modeling technique (OMT), 
specification and description language 
(SDL), and message sequence chart 
(MSC). The OMT editor is sometimes 
referred to as the class diagram editor. 
Each editor's notations are based on 

RATINGS 

widely accepted standards: SDL and MSC 
are standard notations in the telecom
munications industry. OMT is the well
known technique developed by James 
Rumbaugh and others. 

The OMT Editor 
This editor allows you to build class and 
instance diagrams using OMT notation. 

ObjectGeode's SDL editor allows you to design 

finite state machines and will generate source code. 

From within the OMT editor, you make 
sets of modules, each module being a par
ticular view of the system. Typically, you 
create an overall view of the system to 
identify the principal actors (i.e., objects) 
and then construct other modules that 
describe those actors in increasing detail. 

Diagrams you construct with the 
OMT editor are necessarily visual and fall 
into two categories: class diagrams and 
instance diagrams. Class diagrams show 
the internal structure (i.e., data items and 
methods) of-and relationships be
tween-the system's objects. For exam
ple, if you are designing a system to con
trol a bank's ATMs, you would use a class 
diagram to define what's inside the sys
tem's notion of a bank object and how 
that object relates to a customer object. 
Instance diagrams illustrate how a par
ticular set of instances derived from the 
system's classes might be logically con
nected to one another. 

ObjectGeode can generate C++ code 
from the modules you create in the OMT 

editor. This code is really c++-style
header files containing class declarations 
filled with variable definitions and 
method prototypes. You can't use the 
OMT editor to specify the details of a 
given class's methods. 

The MSC Editor 
You turn to the MSC editor to diagram 
each use case, which is like the script of 
a play. You can read use-case diagrams 
to determine the actions that unfold as 
the system operates. 

Other methodologies call use cases 
usage scenarios or event traces. But Object
Geode scenarios refer to high-level event 
descriptions that are separate from the 
low-level details ofthe event. Thus, a sce
nario might be shown as a block labeled 
SCSI read in an MSC diagram, while the 
MSC would be the chart detailing the 
steps of the read operation. 

It's important to note that the charts 
you build with the MSC editor show dis
crete activities, so you cannot use it to 
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model the entire behavior of the system. 
Additionally, MSCs show the expected 
behavior of the system-what the system 
is supposed to do, not how it does it. 

Use cases are helpful in determining 
derived requirements of objects. In other 
words, working out the use case for a par
ticular event may reveal an attribute that 
was omitted from an object participating 
in that event. It's a two-step process. First, 
you identify the functions the system must 
perform; next, you work through the 
details of the lowest-level activities. 

The SOL Editor 
ObjectGeode's SOL editor is a combina
tion ofthree editors: a hierarchy editor, an 
interconnection editor, and a finite-state
machine (FSM) editor. The hierarchy edi
tor is similar to dne found in the MSC edi
tor and is likewise a means of grouping 
similar activities ~ 

With the intt;rconnection editor, you 
can model coml(lunication between ob
jects in the system like in a wiring diagram. 
It's easy to get ~onfused here, because 
you're likely to conclude that objects in the 
SOL editor are the same as those you built 
in the OMT editor. This is not so, and the 
distinction is revealed once you under
stand ObjectGeode's design process. Sim
ply put, you use the OMT editor in the 
problem domain and the SOL editor in the 
solution domain. Thus, SOL editor objects 
are often artifacts-objects that are con
structed to solve the problem outlined in 
the OMT editor. 

You program the machinations of the 

processes themselves visually, using the 
FSM editor. From a distance, you could 
mistake the FSM diagrams for flowcharts, 
which in a sense they are. FSM diagrams 
reveal how SOL processes work. 

The Process Process 
Working through a project with Object
Geode does not mean moving among edi
tors sequentially. Rather, you visit the same 
editor multiple times. The overall process 
goes something like this: 

Requirement-analysis phase. Using the 
OMT editor, you work out major classes 
based on real-world objects, identifying 
class attributes, methods, and relation
ships. In use-case modeling, you use the 
MSC editor to outline what the system 
should do, grouping cases into scenarios 
and defining messages between objects. 

Architectural design . You introduce 
objects that will participate in the solution, 
avoiding specifics. Much of this happens 
in SOL. The focus shifts from objects to 
processes. The interconnection editor lets 
you map out how processes communicate 
with one another, thereby revealing the 
architecture of the system. 

Detailed design . At this point, you use 
the FSM editor to begin working out the 
details of processes. Once you have the 
state machine of a process specified, you 
generate SOL code and run it in simulation 
on an SOL engine. This lets you catch . 
such problems as deadlocks and unex 
pected signals. You can also backfill miss
ing details in the OMT class diagrams that 
preceding phases have revealed. 

SYSTEM TYPES 

What's an Asynchronous System? 
ObjectGeode addresses one class of real-time systems: asynchronous systems-those that 
service non periodic events. An example of an asynchronous system is a telecommunications 

switching system; there's no way for the system to predict when you'll pick up the phone. It's 

no surprise, then, to find that many of ObjectGeode's customers are in the telecommunica

tions industry. 

The other class of real-time systems-synchronous-deals with events or signals that arrive 

within a known period. (The dichotomy is not rig id. Plenty of real- time systems have both 

synchronous and asynchronous characteristics.) Synchronous systems also tend to be "hard 

real time" in nature. That is, not only do the events occur with known regularity, the system 

must service them in a specified amount of time. An example of a synchronous real-time sys

tem is a stepper-motor controller. Signal pulses must be transmitted to the motor at a cer
tain frequency, or the motor simply won't step. 

Designing a synchronous real-time system amounts to determining how many events will 

arrive at the system and at what frequency, and deploying tasks (or threads) to handle each 

event. The developer then explores worst-case scenarios to determine, for example, whether 

there would be enough horsepower to service events ifthey all arrived simultaneously. 
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Test design. You refine the MSCs pro
duced in the requirement-analysis phase 
to construct detailed message sequences 
that exercise all possible scenarios. When 
running an SOL simulation, ObjectGeode 
will generate MSCs and match them with 
those specified. You can also create failure 
MSCs-message sequences that, if exe
cuted, indicate a failure of the system. 

Targeting and testing. These phases 
convert the working SOL models to exe
cutable code. The conversion is straight
forward, but it requires an SOL virtual 
machine on the target system. Virtual 
machines exist for a number of popular 
real-time OSes (RTOSes), including pSOS, 
VxWorks, and Vertex. 

Good, Bad, and Ugly 
ObjectGeode has competitors, most 
notably the real-time object-oriented mod
eling (ROOM) tool suite called ObjecTime 
(see "Systems Design in ObjecTime," 
December 1995 BYTE). Additionally, real
time projects have used the Shlaer-Mellor 
object-oriented-analysis (OOA) method, 
which is supported by development tools 
from Project Technology. 

ObjectGeode's indisputable advantage 
is its use of standard notational languages 
and methodologies. This saves you from 
having to learn concepts that aren't appli
cable elsewhere. 

Its use of SOL as the procedural nota
tion provides a measure of portability. Not 
only can you target a variety of RTOSes, 
you can also deploy a single SDL model on 
different topologies (e.g., the same model 
can produce code for both single-proces
sor and multiprocessor systems) . 

On the downside, ObjectGeode suffers 
from the difficulties in applying general
purpose OO-modeling methodologies to 
real-time systems, such as requiring trans
lation "by hand" of items specified in the 
OMT and MSC notations into final code. 
ObjectGeode therefore can't provide a 
complete model-to-code solution. Con
trastthis with ObjecTime's ROOM, which 
uses an executable notation. 

The pricing is steep as well. The soft
ware suite we tested costs $48,000 ($60,000 
adds seven days of training and mainte
nance support for one year). The different 
components of ObjectGeode are available 
separately, and there are discounts for 
quantity purchases. iii 

Rick Crehan is a senior technical editor for BYTE 
reviews. You can reach him at rick_g@bix.com. 



Do more 
Most operating systems leave little room for important 

things. Like your application. 

With the QNX realtime OS you'll pack more functionality 

into less memory. Achieve more performance with 

less-expensive CPUs. And deliver better solutions at 

a lower price. 

Better yet, QNX supports more PC hardware than any 

other realtime os. Whether it's PCl104 or PCMCIA, 
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Tape Storage 

Iomega's Ditto 2GB tape drive can back up all your data on a 
single cartridge-albeit slowly. By Robert L. Hummel 

Ditto Your Data 

.. --.. ape backup was once a murky, 
quirky domain where techni
cians tended expensive, pro

.... _I prietary black boxes. Today, 
ease of use and low prices make tape 
backup a sizzling consumer-oriented af
termarket. Iomega's latest entry into this 
pageant, the Ditto 2GB External, contin
ues the trend toward higher-capacity me
dia, lower-priced drives, and user-friend
ly software. 

As the size of the average hard disk has 
swollen to epic proportions, so has the 
chance of data disaster. Given the cost 
of re-creating even a single complex 
file, personal tape-backup devices, such 

Ditto Data 
Interface: Parallel port (with printer 
pass·through) 

Read compatibility: OIC-BO, OIC
BOW, OIC-301 0, and OIC-3020; 
Travan TR-1 , TR-2, and TR-3 

Writes: Preformatted Iomega 2GB only 

Native capacity: 1 GB 

Cartridge cost: Less than $20 

as the Ditto 2GB drive, are increasingly 
attractive. 

Measuring 5.4 by 1.6 by 7.6 inches, 
the Ditto 2GB drive easily finds a home 
on a crowded desk. It connects to a par
allel port (with printer pass-through), 
and it's eminently portable, weighing in 
at a svelte 1.4 pounds, although the larg
ish power brick weighs 1.7 pounds. 

The drive reads many quarter-inch
cartridge (QIC)-standard tape formats, 
but it writes only to Iomega's proprietary 
I-GB format (2 GB with compression). 
Fortunately, formatted Ditto 2GB car
tridges have a street price below $20- a 
lower cost per megabyte than compara
ble formats. If a tape becomes unusable 
for any reason, however, you'll have to 
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replace it. Iomega decided to prevent the 
Ditto 2GB from formatting tapes, citing 
the long format time and higher cartridge 
pnce. 

Single-Step Backup 
The Ditto Tools backup software (devel
oped for Iomega by Arcada Sofrware) is 
as easy to use as could be. You can back 
up a single file or an entire set of drive 
volumes in one session. The simple 1-
Step version, the ultimate in auto-pilot, 
manages backup operations automati
cally and restores files just as easily. More 
experienced users craving backup flexi
bility can choose from various options, 
including full, incremental, and differ
ential backups. Supported environments 
include DOS, OS/2, and Windows 3.x and 
95. Iomega promises an NT version soon. 

You'll appreciate the sofrware's sup
port for unattended backups, given the 
Ditto's somewhat sluggish performance. 
For example, on an 8-MB 486DX/66 sys
tem running Win 95 with default settings, 
I measured an average disk-to-tape speed 
of about 4.5 MB per minute with a typi
cal mixture of applications and data. (Io
mega claims speeds up to 9.5 MBps with 
faster systems.) Adding in the time re
quired to verify the backup reduced the 
effective backup speed to 1.7 MBpm. At 
that rate, filling up an entire tape could 
take 10 hours. 

RATINGS 

TECHNOLOGY * * * * 
IMPLEMENTATION * * * * 
PERFORMANCE * * * 

The Ditto 2GB is not without prob
lems-most of them common to all par
allel-port tape drives. To function prop
erly under DOS, for example, the drive 
needs exclusive use of a hardware in
terrupt. That means you have to resolve 
any potential conflicts with sound, net-

***** Outstanding 

work, or other expansion cards manu
ally. Drive performance is also highly de
pendent on system speed. On slower sys
tems running Windows 95, don't expect 
to perform other tasks while backing up 
in the background. It's possible, but not 
practical. 

A Personal Ditto 
The Ditto 2GB drive combines a I -GB 
native capacity (or 2 GB, assuming typi
cal file compression) with ultraportabil
ity and affordable pricing-both for the 
drive and the media. And although its 
parallel-port interface means that it's 
notthefastesttape drive around, the Dit
to is a solid choice for personal system 
backups. m 

Robert L. Hummel is an electrical engineer, 

programmer, and consultant. You can reach 
him on the Internet at rhummel@monad.net. 

**** Very Good *** Good ** Fair * Poor 
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Ill ••• 've got a new method for 
writing fiction, and it's been 
working so far. Every morn-1IiIII._. ing, including Saturday, I get 

up at 8 :00, have a leisurely breakfast, and 
read the papers. By 10:00, I'm upstairs in 
what used to be Alex's room. There's 
nothing in it but an elderly (in this busi
ness, three years is old) Gateway 2000 
486DX2, a steno chair, a portable ice chest 
I fill with Dr. Pepper and root beer, and 
Alex's old high school books. There are 
no distractions. No phone. No modem. 
No computer games. No interesting 
books. 

I stay there until 12:30. So far, I have 
averaged more than 1000 words a day 
plus rewriting the previous day's output. 
Starswarm, my new juvenile about a boy 
who grows up with a computer in his 
head, is taking shape wonderfully, with 
over 50,000 words done. At more than a 
thousand words a day, it will be finished 
in two weeks. 

The Gateway 2000 486DX2 was Rober
ta's computer before we upgraded her to 
a Gateway Pentium 200. It's a perfectly 
good machine, and we've never had any 
trouble with it. It's certainly fast enough 
for what I'm doing. (Heck, for writing 
fiction, a 286 with Q&A Writeis good 
enough.) The programs I run are Win
dows 95 (Win 95), Microsoft Office, Nor
ton Commander (for DOS), and Info 
Select. 

Info Select is a general notes pro
gram. It started life as Tornado Notes, 
which was a far better name than Info 
Select. When Micro Logic changed it 
from a DOS pop-up to a Windows util
ity, they changed names. I find the name 
ugly, but it's a terrific utility. 

I use Info Select to accumulate and 
organize notes, such as character names, 

Don't Swap: 
Network! 

locations, and all the other stuff that goes 
into my novels. It's easy to copy some 
text, such as the first scene where I name 
and describe a character, switch to Info 
Select, create a note or open an existing 
one, and stuff the new information into 
it. It's also great for diaries, keeping track 
of work in progress, and other stuff. You 
can learn to use it in about 5 minutes, and 
I don't see how anyone gets along with
out it. Micro Logic also makes DiskMap
per, a program that graphically maps your 
hard drive and shows you exactly what's 
eating up all that disk space. I'll try to get 
to that soon, too. 

Jerry Pournelle 

Upgrading the Pournelle 
way means more than 
trading in one machine 
for another. 

ently, CyberMedia caught the serial-num
ber disease from Microsoft, because you 
can't install First Aid without one. This 
means keeping paperwork handy, and I 
don't want to do that, so I use a marking 
pen to write the serial number on the face 
(the printed side, not the data side) ofthe 
CD -ROM. I do that on all thos.e that 
need a serial number. Now I can'tlose the 
serial number. 

The First Aid CD-ROM is auto-play, 
so when you put it in the drive, it offers 
to install the program for you. So far, so 
good, but now it asks for the serial num
ber. I opened the CD-ROM tray to read 

Heck, for writing fiction, a 286 with 
Q&A Write is good enough. 

I've also installed CyberMedia's First 
Aid 95 Deluxe on this Gateway machine. 
I chose it as much for its cleanup capa
bility as anything else. Roberta had a 
whole bunch of stuff on the computer 
that I don't need, so after I copied it all 
to her new machine, I erased almost ev
erything. That freed up a lot of disk space, 
but it left a whole bunch of Win 95 short
cuts and other junk. First Aid seems to 
have fixed all that. 

I had what I thought were some prob
lems with First Aid on another machine, 
but I know now that the problems were 
something else. I've been using First Aid 
on a number of machines without diffi
culties. It' s good for cleaning up after 
big deletes, and while I haven' t needed 
the recovery features so far, I might. 

On the other hand, the installation pro
gram sucks rocks. 

Actually, that's not true; the installa
tion program works fine once you get it 
going. The problem is the serial number. 
First Aid comes on a CD-ROM. Appar-

the serial number. When I closed it, auto
play brought up another copy of the 
installation program. Eliminating that 
blew up the original installation program. 
There was nothing for it but to close 
down all attempts to install, copy the se
rial number on paper, and start over. Once 
that was done, things went smoothly 
enough, and First Aid's background pro
grams came up on restart. I fail to under
stand the point of having serial numbers 
on CD-ROMs. 

I formerly used Norton System Doc
tor to accomplish the same things that 
First Aid does, but System Doctor has an 
ugly feature: when it's running in the 
background, there's a steady blink-blink
blink of the cursor on the desktop that I 
find extremely annoying. First Aid does 
not do that. 

What I do on that upstairs machine is 
important. I back up to floppy disks every 
day, but I worry about power failures, so 
I have an American Power Conversion 
uninterruptible power supply (UPS) on 
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Instantly Document 

Corporate Policies, 
Procedures and 

Work Instructions 

Have you ever drawn flowcharts for 
policies, procedures or process flows 
by hand .. :or with a PC drawing program? 

If so, break your pencil in halLand delete 
those antiquated drawing programs from 
your hard d'rive. 

Introducing aIlCLEAR. 

A better, faster, easier way to create 
all the flowcharts you need ... integrate 
them into any written document...and 
rapidly revise them whenever your 
policies, procedures or processes change. 

Create all these charts 
• Flowcharts • OrgCharts 
• Network Diagrams • TOM Diagrams 
• Fishbone Diagrams • Procedure Charts 

It's fun, easy to use and it's guaranteed! 
So, stop wasting time and start 
ch urning out professional dia
grams, like a pro, in minutes .. . 
even if you can't draw a straight line! 

Call today to get your 
FREE report on how 
flowcharts can improve 
you r processes. 

1-800-338-1759 

~ 
CLEAR 
Sof't __ .. _ ..... c::. 

hHp:/Iwww.clearsoft.com 
~ft===. 
~~~a 
JHE'CQWIVJBt~ e 
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the machine. If First Aid 95 Deluxe has 
even a small chance of saving the work in 
progress, it's worth it, and having it there 
makes me feel better. 

There are still plenty of Windows 3.11 
• •• systems out there, so we need one here 

as a test-bed. The machine that got stuck 
with the job is SuperCow, a Gateway 
20004860 X2 VL-Bus system. When we got 
that machine, it was the fastest thing in the 
house. Over the years, this column has fea
tured upgrades to SuperCow: a Western 
Digital Caviar AC31000 1-GB hard drive, a 
new BIOS to support that drive, more 
memory, and new video cards. One of the 
first upgrades was a Creative Labs Sound 
Blaster 16 card and a CD-ROM drive. That 
was at least three years ago. 

Since then, I've used SuperCow for 
nearly everything, including using it as the 
world's heaviest portable: I used to lug it 
down to the beach house when I'd go there 
to write. Whether it was from doing that 

That happened twice: the CD-ROM 
drive worked fine in DOS and locked up in 
Windows 3.1. Time to do some thinking. 
It took me longer than it should have to 
figure it out. 

SuperCow is on my local Ethernet. 
When it comes up, it goes out on the net
work to connect to whatever machines it 
can find. Until that happens, though, the 
network card hasn't been accessed, and, 
more important, the interrupt request 
(IRQ) hasn't been used by the network 
card. 

The Sound Blaster Performance 8x Kit 
comes set to use IRQ 5 for the sound card. 
This is standard: many DOS games expect 
it to be there, and a few can't be set to look 
elsewhere. As a general proposition, you 
are best off leaving your sound card set to 
IRQ 5. (If you have a second parallel port, 
you'll have to choose a different IRQ for 
the sound card.) 

The sound card uses a different IRQ for 
the eight-speed CD-ROM drive, and that 

I've used SuperCow for nearly everything, including 
using it as the world's heaviest portable. 

or something else, eventually the CD-ROM 
drive began to fail. It might have been the 
cable, or perhaps the laser needed clean
ing-I'm not sure I ever cleaned it-but 
whatever happened, it stopped working. 
I decided this would be a good opportu
nity to update the double-speed CO
ROM drive, and as it happened, I had a new 
Creative Labs Sound Blaster Performance 
8xKit. 

Physical installation was a bit tight. The 
CD-ROM cable Creative Labs supplied was 
shorter than the one that came with the 
original kit. However, because of the local
bus slots, I didn ' t have any choice where 
to put the sound card/CD-ROM controller. 
Eventually, I had to shuffle the drives so 
that the CD-ROM drive was on top, with 
the floppy drives beneath it; hardly a big 
sacrifice-indeed, it's an improvement
but just a bit annoying because I was work
ing in close quarters. 

When I got it installed, I tested it all 
under ~OS. The sound card worked fine. 
So did the CD-ROM drive. I went into Win
dows. As Windows came up, Mr. Spock 
gave me some information about the 
confines of this solar system, so the sound 
was working; but when I accessed the CO
ROM drive, the system locked tighter than 
a drum. The only way out was the power 
switch. 

is set by default to IRQ 10. Once again, this 
is no bad thing. Many systems use IRQ 10 
for the CD-ROM drive. Unfortunately, that 
is where I long ago set the Intel EtherEx
press card on the grounds that nothing uses 
IRQ 10 by default-which was true at the 
time. At least I'd found the cause of the 
problem. 

I now had two choices: reset the Ether
Express card or the Sound Blaster. Reset
ting the EtherExpress card is simple, so in 
keeping with the notion that I go to a lot 
of trouble to try complex things so you 
don't have to, I decided to reset the Sound 
Blaster's CD-ROM drive IRQ. 

In theory, that should be simple. Like 
the EtherExpress card, there are no jumpers 
on the Sound Blaster. Instead, there is 
software that automatically configures the 
card, an attempt at Plug and Play. There's 
also software that is supposed to let you 
change the card's configuration. It's not 
well documented, so I called Creative 
Labs' technical-support department. The 
first two people I talked to couldn't make 
it work. The next day, I got calls from 
increasingly savvy people. It didn't help. 
We'd manage to get the card to reset to a 
different IRQ- but as soon as I powered 
down and brought it back up, it seized IRQ 
10 with a death grip. 

To make the story short, I finally gave 



up. IRQ 10 belongs to the Sound Blaster to 
control the CD-ROM card. I used SoftSet 
to change the IRQ for the EtherExpress 
card. That's a DOS program. One thing: 
if you change the IRQ for your network 
card in Windows 3.11, you must then 
invoke Windows with the command WIN 
In, bringing it up without the network; 
go into the network settings; and manu
ally change the IRQ to your new setting. 
If you don't, Windows will either lock up 
or try to change the card setting back to 
what it expects, and since Windows for 
Workgroups originally shipped with 
EtherExpress cards, Windows knows how 
to do that. The result is that you'll be back 
where you started. This is one case where 
attempts to Plug and Play actually get in 
the way. 

Now that the IRQ conflict is over, Super
Cow's CD-ROM, sound, and networking 
are fine . The CD-ROM drive is scream
ingly fast, the new speakers that came with 
the Creative Labs Sound Blaster Perfor
mance 8x Kit are wonderful, and all's right 
with the system. Of course, the processor 
is no fas ter than it was before, but like 
many of my readers, I get attached to my 
computers. 

Note that if you install the Creative Labs 
Sound Blaster Performance 8x Kit on a sys
tem running Win 95, you shouldn't have 
any problems. The installation software 
was designed for Win 95 and understands 
it just fine. Do make sure you have the 
latest installation software from Creative 
Labs; they had some real teething prob
lems with their early Win 95 installation, 
as did many others, and some of the old 
software is still in the dealer pipeline. The 
updates are on Creative Labs' BBS and Web 
site. 

If you need sound-and most of us now 
do- and you want to add a CD-ROM drive 
to your system, the Creative Labs Sound 
Blaster Performance 8x Kit is a good way 
to go. The sound quality is more than good 
enough, you get a lot of neat software, and 
Sound Blaster is the standard that sound
using programs are written to. You won't 
have any trouble installing it in Win 95, 
and probably none in Windows 3.11 unless 
there's a conflict with your network card's 
IRQ. If there is, change the IRQ on the net
work card. Recommended. 

You will have noted that we have sev
eral Gateway 2000 machines. There's Rac
ingCow, a P5-133XL that Eric uses to cruise 
the Internet; SuperCow, and its non-VL
Bus counterpart I have upstairs; J oizy, my 
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Q: What does it take to deploy a 
superior client/server application? 

A: A SUPERIOR SERVER 

START with the most 
advanced client-side SDK on 
the market: c-tree® Plus at 
$895. 
• Complete "c" Source code 
• ROYALTY FREE (Client Side) 
• Multiple supported protocols 
• Fast, portable, reliable 
• Powerful features like 

transaction processing 
• Win95 , NT, and 

Windows 3.1 ready 

ADD a strong, multi
platform, industrial-strength 
Server that supports. 
• File mirroring 
• Heterogeneous networking 
• Automatic disaster recovery 
• Multi-threaded design 
• Best price/performance 

available: from $445- $3745 

RESULT? A solid, 
economical, easily 
deployable product that fits 
your needs. 
• Portable 
• Scalable 
• Exceptional Performance 
• Flexible 
• Easy Server distribution 
• Convenient OEM terms 

Heterogeneous TCP/IP Netvvork 

You can't find a better client SDK with these features! 
Over sixteen years of proven reliability and performance. 

No one else supports over 30 platforms in this price range! 

c-tree Plus® FairCom Server® 
• Complete C Source • Client/Server Model 
• Single/Multi User • Transaction Processing 
• Client/Server (optional) • Requires <2MB RAM 
• Full ISAM functionality • Online Backup 
• No Royalties • Disaster Recovery 
• Transaction Processing • Rollback - Forward 
• Fixed/Variable Length Records • Anti-Deadlock Resolution 
• High Speed Data/Index Caching • Client-side "C" Source 
• Batch Operations 
• File Mirroring 
• Multiple Contexts 
• Unsurpassed Portability 

• Multi-threading 
• Heterogeneous networking 
• File Mirroring 
• OEM/Source Available 

FOR YOUR NEXT PROJECT CALL FAIRCOM: YOU 
CAN'T FIND A BETTER HETEROGENEOUS 

CLIENT/SERVER SOLUTION! 
Also inquire about these FairCom products: 

d-tree™ r-tree© OOBe Driver 

FAIRCOM® 
CORPORATION 
WWWeb Address: http://www.faircom.com/ 
800-234-8180 
U.S.A. 4006 W. Broadway - Columbia, MO 65203-0100 

phone (573) 445-6833 fax (573) 445-9698 
EUROPE Via Patrioti, 6-24021 Albino (BG) - ITALY 

phone (035) 773-464 fax (035) 773-806 
JAPAN IKEDA Bldg. #3,4f-112-$, Komei-chou - Tsu-city,MtE 514 Japan 

phone (0592) 29-7504 fax (0592)24--9723 
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wife's new P5-200XL; the Liberty laptop; 
and Alex sometimes uses the old Hand
Book. We work these machines hard; 
indeed, SuperCow has undergone some 
real torture tests, what with frequently 
being taken apart to accommodate new 
equipment and every couple of months 
being carried off to the beach house in 
the trunk of the car. 

Except for an initial problem finding a 
free IRQ so we could add a SCSI board to 
RacingCow- that system came fully 
equipped with an internal modem and 
sound card, and my first act was to add an 
Ethernet card, using the last free IRQ-we 
haven't had any problems with these 
machines. Roberta used the older Gate
way machine for years and now has the P5-
200XL, which she loves. 

These are not special machines. I get 
them off the factory line, just as you do, and, 
indeed, the P5-200XL came with evidence 
of hard shipping since a few of the bezels 
in the front panel had been displaced. It did
n'tseem to matter; the machine worked just 
fine right out of the box. 

I say all this because I get a lot of mail 
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asking if it's really safe to buy computers 
by mail order, and I can only reply that it 
depends on the mail-order outfit. I know 
of several good ones, and I can't possibly 
tell you which is best. I can only say that I 

upgrade might keep that in mind. Exam
ple: we just acquired a Nimantics Orion 
6x. It comes with a Pentium 150 processor, 
a built-in 6x CD-ROM drive, Sound Blaster, 
SVGA video in a 12.1-inch active-matrix 

This is one case where attempts to Plug and Play 
actually get in the way. 

can get just about any machine I want, and 
I've had quite satisfactory experiences with 
Gateway 2000 systems. I use them, and I 
rely on them. 

Note also that I write only about what 
I'm familiar with. There was a time when I 
might try to keep up with the field and know 
what's best, but that was long ago. Now, 
all I can guarantee is that! don't write about 
what I won't use, and I sure won't use any
thing that's not more than good enough. 

If my mail is any indication, a lot of you 
are concerned about upgrade paths. I've 

given this a bit of thought. 
First, there are now full-featured lap

tops that are good enough to be your 
only computer, and people looking to 

display, a 2.1-GB removable hard drive, 
and many other features. With 32 MB of 
RAM and the Pentium 150, Blue Streak
I've named it for the blue stripe on the 
packaging-is a real screamer. 

The keyboard isn't bad, either: it's full
size, with plenty of keys- it's not one of 
those "space-saving" designs that assigns 
two or even three functions to every other 
key- and it includes so-called Windows 
95 keys. Of course, keyboards are a per
sonal thing, but I like this one, and I can 
write with it. 

I could write books with this machine, 
and, in fact, if I didn't already have the 
Gateway machine installed upstairs in 
Alex's old room, I'd probably be taking 
Blue Streak up with me. Be warned: by 

At Microsoft, small products are 
the beginning of 

gi ti opportunities. 
Microsoft's new, lightweight Windows® CE operating system is usher

ing in the next generation of inexpensive computing devices. Along with 
big new opportunities for forward-thinking innovative individuals. 

Based on the familiar Windows32™ as, the Windcc'Js® CE kernel is 
now being introduced in affordable, easy-to-use hand-held computers 
designed to exchange information with desktop PCs, read and send 
e-rnail , and access the Internet. 

But that's only the beginning. Irnagine a global positioning system for 
autornobiles, or Windows® CE-based consumer products. Windows® CE 
opens the door for an amazing variety of applications that wi ll entertain, 
communicate, instruct and inform. And they're all up to you. 

Hardware Program Manager 
You'll lead the integration of new hardware technologies into the 
new Windows® CE operating system. This includes eva luating 
new hardware technologies, working with leading industry hard
ware companies, recommending important new technologies, 
and following through with Microsoft software developers to 
implement support. Qua lif icat ions? Minimum 2 years hardware 
design. Driver or embedded software development experience 
requ ired. Excellent communication and interpersonal skills pre
ferred . Knowledge of CPU design , PCMCIA, sma ll displays, touch 
panels, infrared, or RF wireless desired. Travel is required. 

E-mai l your resume in ASCII text format (no attachments, please) to resume@microsoftcom (indicate Dept A15hl-1196 in the subject 
header) or rnail to: Microsoft Corporation, Attn. Recruiting A15hl-1196, One Microsoft Way, STE 303, Redmond, WA 98052-8303. No 
phone calls please. We are an equa l opportunity employer and support workforce diversity. 

Aficlosolf-
www.microsoft.comjjobsj 
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There Is Only One Choice For Data Compression. 
PKZIP10r Windows 

New Features in 
PKZIP lor Windows Version 2.50 

~ Ability to create .ZIP files that span multiple diskettes 
~ Create a Windows self-extractor 
~ Self-extractor can span multiple diskettes 
~ Long file name support for Windows 95 (16 and 32-bit) and 

Windows NT (32-bit) 
~ Integration with Windows 95 & NT Explorer 
~ Plus additional features 

The growth of the Internet and the increased use of World Wide Web 
browsers are creating a greater need to compressand uncompress data 
files . Saving disk space and saving on-line phone charges are big 
benefits of compressing data files with PKZlp® for Windows . PKZIP 
for Windows compresses files an average of 50-70% with many large 
text and database files compressing well over 90%. PKZIP's simple 
point-and-click interface lets you easily compress one file or all files 
on an entire hard drive, and store them in the .ZIP file . PKW ARE 
provides the best and fastest data compression technology on the 
market, try it and see! 

PKZIP for Windows allows you to easily open files created with 
PKZIP for DOS Version 2.04g. PKZIP is also compatible with 
Windows 3.1 or higher, Windows 95 and Windows NT. 

PKZIP for Windows $49, PKZIP for DOS $47 plus shipping and 
handling. 

Other PKWfiitE Products 

PKLITE ™ increases your 
valuable disk space by 
compressing DOS and 
Windows 16-bit executable 
(.COM, .EXE and .DLL) 
files by an average of 45%. 
The operation of PKLITE is 
transparent, all you will 
notice is more available disk , 
space! Price $46 

Software developers, save disk space and media costs 
with smaller executables. You can distribute your 
software in a compressed form with PKLITE 
ProfessionaJ.TM PKLITE Professional gives you an extra 
option to compress files so that they cannot be expanded 
by PKLITE. This discourages reverse engineering of your 
programs. Price $146 

Put Compression Imo YOUR AppllcaUon 
The PKWARE Data Compression Library® products 
allow you to incorporate data compression technology 
into your software applications. The application 
program controls all the input and output of data, 
allowing data to be compressed to or extracted from any 
device or area of memory. 

The all-purpose Data 
Compression Algorithm 
compresses Ascn or 
binary data quickly. 
The routines can be 
used with most 
compatible language 
compilers. Separate 
DOS,DOS32, 

To order call (414) 354-8699 Windows,OSI2,Win32, 
UNIX and Macintosh 

or visit our Web Site http://www.pkware.com versions are available! 

See us at COMDEX Booth #52861 '--______ .... C_all....,fo ... r ~~_--a 

tB _ ® nuu..flRE I , 1'1 1992-1996PC WorldWorldClassAward 
~ft".1 . ~Cl4.(,. 1996 Government Computer News 

l ItIC. I ~ Best New Product Award at FOSE Finalist - - CE:l 
@ . 'W 1995 Computer Currents Readers Choice Award IB i WS4" 

The Data Compression Experts o!.-' 1993 Shareware Induslry Award lii __ !!!1 

9025 N. Deerwood Drive / Brown Deer, WI 53223 USA ...,.. :::; ~:~~~~o~':~~~~~ Magazine Award 
FAX: 414·354·8559 86S: 414·354·8670 BY-1196 

Email: infa@pkware.cam 
Copyright 1996 PKWARE, Inc. All Rights Reserved. All trademarks or registered trademarks are property of their respective owners. 
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Win 95, and forthat matter Windows 3.11, 
make networking simple and painless, and 
you'll soon find plenty to do with both sys
tems. For one thing, you can do instant 

need portability, you have other alterna
tives. The obvious one is to buy the fastest 
system you can find, a Pentium Pro, a Pen
tium 200, or one ofthe Cyrix wonders. Our 

today's standards, it's areal heavweight
about 8 pounds- if you're considering 
lugging it around airports, but on the 
other hand, it really is good enough to be 
your desktop machine. I don't have room 
here for as full a report as I'd like to give; 
but check the Pournelle bonus section on 
BYTE's Web site for much more on the 
Nimantics Orion 6x. 

If you've decided to upgrade by networking, get the 
fastest new system you can afford. 

In my judgment, the best upgrade route 
is not to fiddle with your old system; get a 
new machine and network it to your old 
one. Ethernet boards are cheap and get
ting cheaper, and so are Ethernet PC Cards. 

Gain ··· 
Access 

backups of important work by sending a 
copy to the other machine. That practice 
has saved me more than once. 

Full-featured laptops-like the Niman
tics Orion 6x-are one way to upgrade 
your capabilities. However, if you don't 

to the 
World of 
Smartcards 

. 
•••••••• WI 

In an increasingly wired world, thousands 
of profitable smartcard applications are just 
waiting to be developed, in a wide variety of 
fields - banking, security, telecom, education, 
healthcare and more. 

To seize this opportunity and create successful 
smartcard applications, all you need is ASE'" -
The Aladdin Smartcard Environment. 

ASE is an integrated, PC-based development 
environment that gives developers an efficient, 
flexible and secure tool for making the most of 
this eXCiting new technology. 

The quickest, easiest, and most effective 
introduction to the world of smartcards is 
the ASE Developer's Kit. Each Kit is a 
comprehensive package containing everything 
you need to get acquainted with ASE. 

The ASE Developer's Kit includes ASEDrive, a 
versatile smartcard drive; ASFSoJt interfaces 
and utilities, and various types of ASECards. 

To gain access to the world of 
smartcards - order your low-co§t . 
ASE Developer's Kit today! 

North America 
Int'l Office 
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United Kingdom 
Japan 

847-8080300, Fax: 847-808 0313, E-mail: ase.sales@us.aks.com 
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Cyrix 6x86-P166 system continues to work 
extremely well, and it's sure a fast machine. 

Whatever you do, get a PCI -bus system 
and a PCI -bus Ethernet card for your new 
system; they're much easier to set up, and 
when Plug and Play works, it works very 
well. 

On that subject, we've found there are 
two kinds of Ethernet cards to consider: 
3Com and no-name generics. The no
names are cheap and often work, but if the 
drivers that come with them don't work 
well, you'll probably never get anything 
better. The 3Com cards come with good 
drivers, and when there are updates, you 
can download them. A PCI-bus 3Com 
Internet card will cost maybe $30 more 
than a no-name card; in my judgment, the 
peace of mind and absence of installation 
problems are worth the money. 

Understand, this is in the context of a 
low-cost upgrade by networking; those of 
you with more serious networking re
quirements should look into other alter
natives, such as Applied Creative Tech
nologies' Ultimate PCI-3000 network card. 
Of course, if you already have Ethernet 
cards that work, it's hardly worth buying 
new cards until you're ready for an upgrade 
to Fast Ethernet. We'll be doing that one of 
these days, but for the moment, I've found 
vanilla Ethernet plenty good enough. 

Once you've decided to upgrade by net
working, the obvious choice is to get the 
fastest new system you can afford. Less 
obvious-but possibly cheaper and bet
ter-is to get a reliable dual-Pentium sys
tem. If you go that route, you'll have to use 
Windows NT; Win 95 can't make use of 
your second processor, and given IBM's 
treatment of OS/2, I can't recommend that 
to anyone not already using it. That's a pity, 
but there it is. Fair warning: installation of 
NT isn't all that simple. If you don't know 
what you're doing, be prepared for head
aches or get it preinstalled. 

Once it's installed, you probably won't 
have any problems. We've been using NT 
3.51 for a while, and it works well with a 
dual-processor system. Now there's NT 
4.0, which is much like Win 95, so much so 
that most times you need to look to be sure 



Save 

iII .. Mi .... iII you'll find some of the most quickly disappearing 

things on earth. Now, you con save these files easily by transferring 

them to a CDeR disc. And the easiest way to do this, is through 

WebGrabber. It installs directly onto your copy of Netscape 

Navigator™ 3.0 and works entirely within the Netscape Navigator 

browser. Plus, it lets you open and browse these saved files from 

within the browser and link back to the internet directly from your 

CDeR disc. So with WebGrabber, transferring Web files to a CDeR 

disc is extremely easy. Or, in other words, 0 piece of cake. 



Chaos Manor Don't Swap: Network! 

you're not running Win 95 . NT 4.0 is sta
ble and, except for some DOS and Win 95 
games, runs all your software. 

If you are running multiple programs, 
especially if at least one is a DOS pro
gram, a dual 120 or 133 will likely be faster 
than one of ~he screamingly fastsingle-pro
cessor systems. You will almost certainly 
win with dual processors if you routinely 
run more than one DOS session simulta
neously. DOS programs eat cycles, and 
handing control to a DOS program and 
then taking it back involves a deal of 
overhead. Dual processors let one run 
the application while the other does the 
overhead and housekeeping. 

Actually, it's not quite that simple. The 
OS doesn't say "you do housekeeping 
and I'll do applications"; rather, the OS 
passes control back and forth as needed. 
Still, the effect is the same. The applica
tions get the attention they need while the 
networking and other OS stuff goes on in 
the background. 

A dual-processor system architecture 
will let you do all your networking and 
communications without losing speed. 

We've been experimenting with Diamond 
Flower's dual-Pentium Doubleshot 133, 
and for many multiple tasks, it is by far the 
fastest machine in the house. 

The original Pournelle's law was "one 
user, one CPU," but that was back when 
CPUs were really expensive. I've since 
amended itto "one user, at least one CPU." 
No one deep down inside likes to share CPU 
cycles with anyone-including oneself. I 
believe multiprocessor systems are the 
wave of the future. So, incidentally, does 
Intel. Of course, it's self-serving for Intel 
to recommend multiple processors, but 
that doesn't mean it's not a good way to go. 

I 'm still tracking down the hesitations I 
get in Win 95. A dozen readers have 

made helpful suggestions; and I think I 
now kno~ what the problem is. 

The symptom is that every few min
utes there's a series of hesitations, typi
cally manifesting itself when I am typing: 
I strike the key, and nothing happens for 
half a second or so. This goes on for a cou
ple of seconds and then the system returns 
to normal. 

The strange part is that Pentafluge, a 
Pentium 60 that was the fastest thing in the 
house when we built it, didn't have this 
problem under Windows 3.11; but as soon 
as we changed over to Win 95, the hesita
tions began, and we see them in Win 95, 
Windows 3.11, and DOS programs. 

We don't see these hesitations on all the 
machines; the common element among 
those that do have the problem is that they 
all have Intel EtherExpress-16 ISA Ether
net cards. I am told by a reader that all I 
need to do is get the updated Win 95 Ether
Express drivers, and my glitches will go 
away. 

I don't know ifthat's true. I downloaded 
what I thought were the proper Intel driv
ers. However, when I went to install them, 
Win 95 refused to believe there were any 
proper drivers in the directory I'd put them 
in. To make matters even worse, when I 
decided to reinstall the EtherExpress card 
with its original drivers, it took me five tries 
to get my network restored. The problem 
is that when Win 95 installs the EtherEx
press hardware and default software, it 
does not automatically install NetBEUI. 
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With so many web sites popping up today, its hard to know which ones Net the best 

results. Especially if you're an advertiser looking to reach key Information Technology prospects. 

Fortunately. the answer is close at hand. Its called The BYTE Site, and more computing 

influencers worldwide call it "home" than just about any address on the Web. 
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If It Can Be Done 
In a Conference Room, 

You Can 
Do It Online I 

~ 
-~ 

Introducing 

Internet 
CONFERENCE-

View, discuss, 
edit and 
approve 
documents 
with anyone 
in the world 
over the 

l.t.,l';a~==:===:.:iiii1l Internet. 

Everyone can see the document you're working on. 

Internet Conference Professional Version 2 brings 
seamless and efficient real-time multimedia com

munication to your desktop. Use it to give remote 
presentations and receive instant feedback. link 
several offices and your clients together. 

Telecommute. Work online using the same pro

grams you use now; use your own spreadsheet, 
word processor, contact manager, graphics or 

CAD/CAM program. Create documents or make 
changes. Even draw and highlight. Everyone 

meets in the same place ••. Your PC!. 

Make sales presenta
tions remotely and 
interactively. 

Turns your Microsoffl!! 
Office into an online 
application. 

Work in Microsoffl!! Word, Excel 
or Powerpoint. Collaborate on 
projects. 

Work on the Web together. 
Everyone views the same page 
at the same time. 

Works on any network! Lan, Wan, 
Intranet or Internet. 

Download Free Trial 
http://www.vocaltec.com/5GO.HTM 

Call 800 - 899- 3942 
E-Mail: info@vocaltec.com 

©1996 VocalTec Ltd. All rights 
reserved. VocalTec Inc., Internet 
Conference are all trademarks of 
VocalTec Ltd. Micrososoft Office, 
Word, Excel, Powerpoint are regis
tered trademarks of Microsoft 
Corporation. 
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Chaos Manor 

NetBEUI is an elderly protocol whose ma
jor-almost only-use is Windows 3.11 
and other Microsoft peer-to-peer net
works, but you must have it for those. 

Worse, the Network Troubleshooter 
wizard in the Win 95 Help system is almost 
useless. It does not ask if you have installed 
NetBEUI, so if you don't know you need 
that protocol, I don't know how you'd 
ever find out. I had forgotten I needed it, 
but since I had other systems networking 
properly, I could go study one that worked 
and see what I had left out. 

In any event, I'm pretty sure the hesita
tions are caused by Intel EtherExpress 
cards running the Win 95 default drivers, 
and that they can be made to go away by 
either installing a different Ethernet card 
or getting the proper drivers for the Ether
Express card. I'll try to test that before we 
go to press next month. 

The first book of the month is also the 
CD-ROM of the month: Erica Sadun's 

Java Script CD-CookBook (Charles River 
Media, ISBN 1-886801-35-5). This is a 
"book" you read with your Web browser. 
Clearly written, lots of examples, and 
probably the first of many "books" done 
this way. 

A more traditional computer book of 
the month is Mark Warhol's The Art of Pro
gramming with Visual Basic (John Wiley 
and Sons, ISBN 0-471-12853-8) . The sub
title is Techniques for Writing Solid Code 
That's Easy to Maintain, and it is all that 
and more. The chapter on naming con
ventions is worth the price of the book. If 
you do large Visual Basic programs, or you 
supervise people who do, this is nearly 
indispensable. 

The book of the month is Thomas 
Cahill's How the Irish Saved Civilization: 
The Untold Story of Ireland's Heroic Role 

Don't Swap: Network! 

from the Fall of Rome to the Rise of 
Medieval Europe (Doubleday, ISBN 0-385-
41848-5). It's as much a delightful insight 
into Irish character as a history. Parts of it 
are serious enough, but even then you'll 
hear an echo of Irish laughter. 

The game of the month is The Pandora 
Directive from Access Software. This is 
one of those role-playing movie games, 
and frankly I wouldn't have fired it up if I 
hadn't noticed that myoId neighbor 
John Agar is in it. 

It's actually a rather interesting plot 
hinging around what happened in Ros
well, New Mexico, on July 6,1947, involv
ing UFOs. The acting is quite good. I find 
the pace of this game to be a bit slow, but 
that's really saying that I am not usually 
fond of the kind of game where you must 
poke around, looking in desk drawers and 
under rugs, and talking to everyone in 
sight. For those who do like that kind of 
game, The Pandora Directive is about as 
good a one as I have seen. 

The piles grow higher at Chaos Manor, 
and even with the longer column-see 
BYrE's Web site forthe parts of the column 
that didn't get into the printed edition-I 
can't keep up. We now have CD makers, a 
lot of great new software, so many CD
ROMs I have lost count, and a whole bunch 
of stuff! wish I had space to tell you about. 
The computer revolution isn't slowing 
down at all. m 

Jerry Pournelle is a science fiction writer and 

BYTE's senior contributing editor. You can write 

to Jerry c/o BYTE, One Phoenix Mill Lane, Peter

borough, NH 03458. Please include a self

addressed, stamped envelope and put your 

address on the letter as well as on the envelope. 

Due to the high volume of letters, Jerry cannot 

guarantee a personal reply. You can also contact 

him on the Intemetor BIX at jerryp@bix.com. 
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Server V4.0 

4800 dpi interpolated ~ r"1-\ I 
resolution • Single-pass scanning ~ """'~ RE1~1 L" 
• 30-bIt color • 8 x 13 scan area liliiii ~ 

... One pla tform for e-mail, file 
server, databases and communica
tions ... Integrates seamlessly with 
existing systems, including NetWare" ... Built-in Internet, 
Intranet and communications services ... Includes web • Includes: Image Pals 2 Go, OmniPage 

LTD and ScanWizard • services: FrontPage and Internet Information Server 
... Distribut ed on CD-ROM $526.07 cow 72263 

$695.10 cow 65671 

• 300 x 600 dpi optical resolution • Single-pass 
scanning • 24-bit color • Includes PhotoImpact SE, 
Image Pals 2 Go, OmniPage LTD and ScanWizard 

New lower price! $349.81 cow 72264 
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Adobe PageMaker V6 .0 WIN upg 3.5JCD, ......... 132.81 
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NetWare 4.1 
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Multilingual clientladmin CD .. .................. .. .. ........ 471.75 
Single-user license ................................................ 93.91 
5-user CD.. . ............................ 487.29 
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Helix Hurricane V2.0 WIN9SflNIN .. ... ..... ... .... ....... ... 42.99 
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Intuit Quicken Deluxe VS .O WIN CO ......... ... .......... 59.99 

100·user CD ...... ..... ........ .. ...... ............................ 2642.32 
lAN WorkPlace VS.O 

Single·user CD ..................................................... 169.52 
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MS Office Professional w/Access WIN9S upg ...... 314.50 
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MS Office Professional WINgS upg CO w/Bksheff314.29 
Microsoft Office Std WINgS CD ...... ... .. ... .............. 461.57 
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Microsoft Office Std WIN9S upg CD ..................... 22.9.31 
Microsoft Office V4.2 WIN ............................. 449.03 

Server + 10-client license CD ............................ 1023.61 
Single·client )!cense upg... ...16.92 
Single-client license ...... .... ....... ........... .. ... ... ... ...... ... 34.08 

Microsoft Windows NT Workstation V4.0 
Version upg CO........ . .... .. ................ .. .. 133.53 
Single-client upg.. . .. .......... 239.49 
Full version CD .................................................... 283.20 

Microsoft Sal Server V6.S 

Microsoft Office V4.2 WIN upg ............................. 265.72 
Microsoft Plus! WIN9S . . .. ............... 44.84 
Microsoft Plus! WIN9S CO ... .. .................. ............ 45.13 

Server + S·client license CO .............................. 1237.62 
Server + 10-client license CD ............. ............... 1761.65 
Server + 2S-client license CD ... . . ... 3516.50 
S-client license .......... . ....................... ....... .......... 659.16 

Microsoft Project V4.0 WIN .... .... .. ...... ........... .... .... 416.73 20-client license ..... .... ............ ....... .... .... .... ..... .... 2084.26 
Microsoft Publisher CD Deluxe WIN9S ................. 69.29 
Microsoft Publisher V2.0 WIN ..... .... .... .... .......... ..... 69.29 
MS Visual Basic Pro V4.0 WIN9SflNIN/NT CO ..... 443.49 
MS VISUal Basic Pro V4.0WIN95WINiNTvers upg CD .86.33 
Microsoft Visual C++ Subscription WIN9S .......... . 447.93 

Microsoft Systems Mgmt Server V1 
SMS Server CD ................ ............. ................ ...... 579.18 
SMS Server upg CD .. .......................................... 583.18 
Single-client license.. .. ...... 48.14 
20·client license .......................................... .... ... 716.04 

Microsoft SNA Server V2.11 
Microsoft Windows 9S ...... ............. .. .... ................. 183.47 SNA Server CO....... . ............................. 359.59 
Microsoft Windows 9S upg . . ..... ... 94.77 
Microsoft Windows 9S upg CD ..... .. ...... ....... ..... ...... 94.77 
Microsoft Windows V3.11 ...................................... 92.06 
Microsoft Windows V3.11 upg ... ........ ......... .. .... ... ... 51 .29 

Single-client license ... ..... ... .... ... .... .... ..... ....... ..... .... 55.37 
20-client license pack ..... 861.40 

Microsoft Exchange Server V4.0 
Server + S·client license CD . ....... .. ........ ............ 889.16 
Server + 10-client license CD ... ......................... 1218.21 

Microsoft Word V6.0 WIN upg ............. ................ 114.98 Server + 2S·client license CD ........................... 1905.20 
Microsoft Word V7.0 WIN9S upg ..................... ..... . 55.35 
Microsoft Works V3.0 WIN ................................... 45.13 
Microsoft Works WIN9S... . .. ................ 45.13 
NetManage ECCO Pro V3.0 WiN ........ .. ............ 88,88 
Quark QuarkXPress V3.32 WIN ..................... 574.86 

• 3C900 EtherUnk Xl PCll0BT ............... ........ ..... 112_16 
3C9OO EtherLink XL PCll0BT S-pack ................ 504.30 
3C900 Ethernet XL PCI combo .. ........................ 132.85 

Quarterdeck Clean Sweep V2.0 WINgS .. ...... .. ....... 28,85 
Quarterdeck QEMM V8.0 WIN9SflN IN ................... 62.16 
Symantec ACT! V2.0 WIN ... .. ............................... 171 .24 
Symantec Norton AntiVirus V2.0 WIN9S .............. 65.88 
Symantec Norton AntiVirus V3.0 DOSfllolIN ........... 49.20 
Symantec Norton AntiVirus WIN9S ....... ........ ........ 72.14 

3C900 Ethernet XL PCI combo S-pack ............. 586.87 
3C90S Fast Etherlink XL PCll 0/l00BT .............. 136.95 
3C90S Fast Etherlink XL PCll0/l00BT S-pack .. 606.42 
SuperStack II Hub 12-port 10BT .......................... 506.93 
SuperStack II Hub 24-port 1 OBT .......................... 866.77 
SuperStack II Hub 12'port 100BT ................ 1629,34 
SuperStack II Hub 48-port 100BT ................... ... 5974.26 

Symantec Norton AntiVirus WINgS trade·up .......... 33,75 
Symantec Norton NT Taols Vl.0 WIN NT CO ........ 45.00 
Symantec Norton Util ities V8.0 DOSfllolIN ............ 112.53 
Symantec Norton Util ities WIN9S ... .. .. ................. 116.15 
Symantec Norton Util ities WIN9S trade·up ............. 57.24 
Symantec pcANYWHERE V2.0 WIN .................... 119.21 

SuperStack II Switch 1000 12-port Ene!... .......... 2489.74 
SuperStack II Switch 1000 24·port Ene!... ......... 3115.96 
SuperStack II Hub TR 12-port ........................... . 1192.51 
SuperStack II Switch 2000 TA 12-port ............... 5349.47 

A1IisoII 
lANtastic V7.0 

Symantec pcANYWHERE VS.O 00S ................... 121,17 Starter kit 3.S· + CO .. .. .. ...... .. .............................. . 245.54 
Symantec pcANYWHERE V7.S WIN9S/NT upg . ... 81.79 
Symanlec pcANYWHERE32 V7 .S WIN951NT ..... . 131,24 
Symantec WinFAX PRO V4.0 WI N ............ .......... .. 78,14 
Ventana Netscape Navigator V2.0 WIN ................. 43.04 
Visio Technical V4.1 WI N9SflNIN/NT .... .. ........ .. .... 259.78 

Add·on kit 3.S· + CO ............. .......... .... ............... 128.53 
I-user comp upg CD .... ..... ... .... .... .......... ....... ........ 57 .36 
10·user camp upg CD .......... .... ...... .. ...... .............. 232.51 

ModemShare V7.0 
1 shared port, unlimited users .... .. .. .. ...... .. ............. 87.91 
4 shared ports, unlimited users ....................... .... 291.24 

Visfo V4.0 WI N 3.S/CD .... .... .. .... .. ....... .... ....... ....... 132.88 32 shared ports, unlimited users ......... . ....... ..... 1569.24 

COMPAQ Alps Desktop GlidePoint .... .. ........ .... ...... .. .. .. .... .. .... 61 .58 
Netelligent 10BT PCI controlier ...... ..................... 103.31 Alps GlidePoint Windows 95 keyboard .... .... .. .... .. .. . 87.19 
Neteliigent 10/100BTX PCI controller .... ... .. ..... .. .. 139.05 Calcomp Drawing Slate II 6x9 w/pressure pen ... . 179.94 
Netelligent 2000 8-port 10BT repeater .. .. ............ 477,16 Calcomp Drawing Slate II 12x12 w/pressure pen 199,95 
Netelhgent 2000 16-port 10BT repeater .. .. .. ...... .. 579.46 Epson PhotoPC digital camera ....... .. .. .... ........ .. .. . .499.00 
Netelligent 5000 10/100BTX 6-port switch .. .. .. .. 1029.19 Epson ActionScanning System 11.. .. .. .. .... ...... .. .. .... 403.27 
Neteltigent S01210/100BTX 12-port switch ...... 3114.08 Epson ES1000C color scanner ........ .. .. .. .. .... .. .. .... 539.86 

i ntel. ~~~~~tt E~~Z~a~~ ~~~ncJo~~~~~.~.~.~.~.~ : ::: : :: ::::::::::::: ~. ~ :::~~ 
EtherExpress PRO/10+ PCI combo .................... 139.71 Hewlett Packard ScanJet 4p .................. .. ........ .. .. 468,08 
EtherExpress PRO/l0+ PCI combo S-pack ........ 591.23 Hewlett Packard ScanJet 4c .. ...... .. .. .......... ... .... .. .. 894.09 

~:~:~~~~~:~~ ~~g ~gg ~g: 5:pack··::::::::::::: .. ::.::~~~:~: ~~~:~ gg~g g:~l::: ~~l:~~: g:~:~:: : :::: : :: : :: ::: ::::~~: :~~ 
Express 100BTX 12-port stackable hub.. . ... 1516,05 rg~i~~cR~~u~!~:~ ~~~.~.~~ . ~~~~~~: ::::: ::: :: : :::: :::~:: :~~ 
~~g;~:~?r~sT~r~~i~~;~O~u,b_~~;.;.;e~·p~~k··::: : ~~~~:~~ log!tech Cordless MouseMan ...... .... .......... ..... ... .... 67.44 

LANOesk ViruS Protect V3.01 4-server pack ..... 1805.17 t~~:::~~ +~:~~~:~ ~~~?I~O~diess·i;ojn t~~ :: : :: ::: :::: ;· ~~::~ 
Combo Ether16 LA~~~~ ...... ... .... .. .... 35.39 ~~6:~~~~ ~:~:~~~;~~~~~~~~~~~·: : : : :: ·:: : : : :: : : : ::::~n:~~ 
Combo EtherPCI LAN card .... .. .......... .... ............... 79.54 Microtek ScanMaker E3 color f!atbed .. .. .. .. .. .. ...... . 349.81 
Combo PC/Ethernet card 108T ........................... 105.71 Play Snappy video still capture ...... .. ...... .. .. .. .. .. .... . 165.92 
PC Card LANmodem 10BT ................................. 339.85 Umax Vista·S6E SOHO scanner... . ...... 368,06 
EtherFast 10/100BTX LAN card ..... .......... ... ..... ... 104.92 Umax Vista-S-12 scanner ... ....... ................. ...... .... 796.86 
EtherFast 100BTX 12-port hub ... ...... .. .......... .. ... 1093.74 Visioneer PaperPort Vx scanner. .. .. .. .. .... .... .. .. .. .. .. 257 .45 SMC" Visioneer PaperPort ix scanner .. ...... .. .......... .. ...... 297.24 

ElherEZ ST 108T hub ............................................ 86.00 
ElherEZ 8TC 10BT hub ...................................... 151.97 
EtherEZ 16TC 10BT hub ..................................... 344.12 
EtherEZ 10BT ISA ................................................. 92.03 
EtherEZ 10BT ISA 5·pack ... ................. ........... 372.03 
ElherPower 10BT PCI ................ .. .. .. ... ................ 117.39 

Mag Innovision DX1S9S PnP 15· .28mm ...... .. .. .. 359.58 
Mag Innovision DX179S PnP 17· .26mm ...... .. .. .. 612.61 
Mag Innovlslon OX15T lS' .26mm .. .. .. .... ........ .. .. 394.49 
Mag Innovision DXl7T 17' .26mm .. ........ .. .......... 668.51 

EtherPower 10/100BTX PCI ...................... .. .. 139.36 Mag Innovision MXP17F 17' .26mm .................. 713.22 
TigerStack 10BT 12-port hub ....... ............ .. ...... .. .. 499.02 
TigerStack 10BT 26-port hub .. .... .. .................... .. 858 .25 

Mag Innovision MX21F 21 " .28mm .. .. .... .. .. .. .... 1484.25 
Magnavox CM2099 14' .28mm .... ....... .. .... .. ... ..... 244.24 
Magnavox CM201S lS' .28mm .......................... 324.88 
Magnavox CM 1215 IS" .2amm . . .......... 342.50 

~<;;WmR2,~ 
Magnavox CM4018 17' .2amm ... .... .................... 599.50 

~~~n~~~~ ~~~~~~~~ .... ~.~ .~.~. : ::: : :: : : : : ::: :: ::: :: : : : :: :~~::n 
Jumbo 350 350MB TBU internal ........................... 59.70 NEC XV1S+ l S' .28mm... . ..... 473,13 
Jumbo 1400 1.3GB TBU internaL... . .......... 190.00 
Trakker 350MB TBU parallel. ...... .... .. .... ... .. ........ 147.00 
T1000E 800MB TBU paraJlel. ............... ... .......... 181.93 

iomega 
Zip drive 1 DOMB parallel ...................................... 199.00 
Zip drive 100MB SCSi..... .. ............... ... ..... ...199.00 
Ditto Easy 800MB Travan internal .................... 119.00 
Ditto Easy aooMB Travan external... . ...... 149.00 
Jaz drive 1GB internal SCSI·2. . ....... 399.00 
Jaz drive 1 GB external SCSI-2 ....... ..... ... .. .... ....... 499,00 
Jaz drive 1 GB cartridge ... ..................... ........ .... ... 124.00 

NEC MSOO lS' .2Smm ........................................ 478,81 
NEC XV17+ 17' .2amm... . ........ .... . 799.84 
NEC XE21 21 ' .2amm ............. ... ..... .. .. .............. 1711 .15 
NEC XP21 21 " .2amm .... .. .. .. .... .. .. .. .. .... .. .... .. ..... 1943.57 
Sam sung 17Gli 17' .28mm .. ...... .. .. .. .................. . 759.00 
Samsung 17GLsi 17' .26mm ...... ... .. .... ................ 929.00 
Sony Multiscan 15sx I S" PnP .2Smm .. .. .. .. ........ .. 395.63 
Sony Multiscan lSs111lS' PnP .2Smm ..... .. .. .. .... . 469,90 
Sony Multiscan 17s11117' PnP .2Smm .... ........ ... . 775.83 
Sony Multiscan 17sell17' PnP .2Smm ........... .... 976,41 
Sony Multiscan 20sfll 20" PnP .30mm .. .. ... 1635.53 
ViewSonic ISGS IS' .27mm .......... .. .. .... .... .. .... .. . 385.06 
ViewSonic 17GS 17' .27mm .. .. .... .... ...... .. ........ ... 616.79 
ViewSonic G8t 0 21 ' .25mm ..... .. ...... 1507.28 

SONY; 
ViewSonic P81021 ' .25mm . . .. . 1579.50 
ViewSonic P81S 21 " .2Smm . .................... .. ...... 1858.06 
ViewSonic PT810 21 ' .30mm ......................... ... 1632_17 

SOT-S200 DDS-2 OAT internal... .. ........ 676.90 
SOT-5200 DDS·2 OAT external.. . ................ 788.58 
SOT·SOOO ODS-2 OAT internal .... ......... .... ..... ...... 843.63 

iji,j#,I:ItO'''F 

SOT-5000 ODS-2 OAT external ......................... 1006.73 
SOT-7000 ODS-2 OAT internal ............................ 927,77 

l!t syQuest· 
EZ13S 135MB IDE internal ................................ 119,23 
EZ135135MB SCSI exlernal .............................. . 119.23 
EZ13S 135MB external ........ ..... ......... .. ... ............ . 119.23 
EZ135 135MB cartridge... .. .... . .............. 19.45 
EZFlyer 230MB SCSI externaL.. . ............... 291.47 
EZFlyer 230MB external ............................... 291.47 

~i: ~~a~gf;:~~~e~~~~~~ I"2'MB': ' :: : . :::::::::::: :: :: : ~. ;!:~~ 
ATI Graph!cs Xpression ISA 2MB.. . . .. . .......... 95.93 
ATI GraphiCS Pro Turbo PCI 2MB ....... .... .. .. ...... ... 223 .72 
ATI Graphics Pro Turbo PCI 4MB.. . ................ .. 315 .66 
ATI Video Xpression PCI 2MB .......... .. .... .... ..... .. .. 116.69 
Diamond Stearth64 2120 PC l lMB . .. ............ .. ....... 91,36 
Diamond Stealth64 Video 3240XL PCI 2MB .... ... 223.72 
Matrox Mi llennium PCI 2MB WRAM . ........ ..... ... .. 252.29 
Malrox MiUennium PCI 4MB WRAM .......... ..... 377.00 
Matrox Mystique PCI2MB WRAM ....... .. .... .. ... .. .. 188.57 

EZFlyer 230MB cartridge ....................................... 29, 18 

MIISjPUH', infel 
ADS TV Superscan 2 PC to TV converter ........... 292.20 

Inlel OverDrive DX4175 ... ........... .... ...... ... ........... .. 138.66 
Intel OverDrive DX4/100 ... .. .... ............... .. .. .. .. .. .. .. 178.74 

Connectix QuickCam for Windows ........................ 98.05 Intel OverDrive Pentium 63MHz ... .. .. .. ...... .. .. ...... . 138.66 
Connectix Color QuickCam for Windows ....... ..... 209.44 Intel OverDrive Pentium 83MHz ....... ... .... .. ........... 189.27 
EXP ax CD w/game port PCMCIA .................... 733.30 
EXP 8X CO w/sound module PCMCIA... .. ...... 859.51 
Microsolutions 4X CD parallel.. ...................... ... 219.67 
Microsolutions 6X CD w/sound parallel .... .... ..... .. 359.58 

Intel ~ Pentium 12Q/I33MHz upg for 5f6O, 5166 253.45 
Intel OverDrive Penl!um 12SMHz upg for SfiS ... .. 253.45 
Intel OverDrive Pentium IS0MHz upg for 5/90 .... . 319,20 
Intel OverDrive Pentium 166MHz upg for 5/100 ... 456,23 

Microsolutions 8X CD paraliel .............................. 337.55 
NEC 4x4 4X CD 4-disc changer internal. ............. 99.00 4 .. q·"I+ 
NEC 4Xc 4X CD 7·disc changer external. ........... 342.15 3Com Etherlink IIiC .................. .. .. .... .. ........ . 138.55 
NEC 6Xi 6X CD internal. . ........................ 243.82 3Com Etherlink 111 28.8 Enet 10BT........ .. . .. ... 414.30 
NEC 6Xe 6X CD external .................................... 335.65 
NEC 8V 8X CD internal IDE ............ ....... ............ 153.71 
NEC 8Xi 8X CD internal SCSI-2 ............... ......... .. 341.76 
NEC aXe 8X CD external SCSI-2 ............ ....... .... 449.51 
Panasonic portable 4X CD SCSI ...................... .. . 399.00 
Sony portable 4X CD Oiscman® .. .......... ... .......... 347,46 

Megahertz 1 OBT Enet adapter wlXJACK ........ ... . 122.07 
Megahertz 28.8 V.34 data/fax wi XJACK ............ 249,04 
Megahertz 28.8 v'34 cellular wlXJACK .... .. ... .. ... . 244.60 
Megahertz 28.81Enet cellular w/XJACK ........ ... .. .. 318.58 
Megahertz 28.S/Enet combo cellular wlXJACK ... 342.44 
Megahertz AIiPoints wireless ...... .. ........... ... 464.12 
Motorola Montana 28.8 cellular ... ..................... .. . 231,95 

SunMoonSlar 6X CD portable .... .. .......... .......... .. 259,37 New Media 28.8 NetSurfer fax/modem .... .. ... ... .. . 189,21 
SunMoonStar ax CD internallDElATAPI ............ 161 .12 Simple 2a.8 Communicator cellular... . ... ... 168.17 
SunMoonStar ax CD portable .. .. ... .. 271 .88 Simple 28.8 Communicator.. .. .. 225.38 

COW· TELEPHONE 
HOURS 

Sales 
Morday·Friday 7am-9pm CST 

Saturday 9am-5pm CST 
Tech Support for Customers 
Monday-Friday 8am-9pm CST 

Saturday 9am-5pm CST 

If you find a better price, 
call CDW® before you buy 
Fax: 847-465-6800 
Sales: 800-959-4239 (4CDW) 



The best way to get 
pictures into your PC 
Grab sensational PC stills from any 
camcorder, VCR or TV. Just plug Play's 
Snappy into your PC's printer port, 
then connect to any video source with 
the included cable. With the press of a 
button, Snappy captures images in 
16.8 million colors at resolutions up to 
1500 x 1125. From desktop publishing 
to creating PC photo albums, Snappy 
makes your PC more powerful, more 
visua l and more fun! 

$181.97 CDW74744 

WHY 
SETTLE 

AST 
Ascentia 
.J Series 
• Intel" Pentium" processor 

FOR LESS? · 8MB RAM, upgrade able to 
40MB • Hard driveupgradeable 

• to l.35GB • Integrated 14.4K bps 

CDW® 
SERVICES YOU 

BETTER'M 

data/fax modem (J I 0, J30, J50) 
. 5.8Ibs 

Hard 
Model CPU Drive Display 
J10 75MHz 500MB 1004" dual-scan 
J20 100MHz 540MB 
J30 100MHz 
J50 133MHz 

illiiaEml!lmJllllllllliillllliilllii1i11i11111i1I1111ri:tfut!0mOgO .. P.R.ODUCTS. If YOU DOII'T 
TOSHIBA 

Satellite & Satell ite Pro Notebooks 
110eS 5/100 8MB 810MB 11.3" dual ........ ... ...... 1939.75 
110CT 5/100 8MB 810MB 11.3" active ......... 2469.07 
410CS 5/90 8MB 772MB 11.3" dual. .................. 2274.62 
410CDT 5/90 8MB 772MB 11.3" active 4X CD .. 2739.39 
420CDS 51100 8MB 810MB 11.3" dual 6X CO .. . 2505.75 
420CDT 5/100 8MB 1.26GB 11 .3" active 6X C03289.82 

Portege Notebooks 
610CT 5/90 8MB 720MB 9.5' active .. .... .. ..... .... 2429.66 
620CT 5/100 8MB 1.2GB 10.4" active .. ... ........ .. 2431.16 
650CT 5/133 16MB 1.26GB 11.3" active .... .... .. .4339.19 

Tecra Notebooks 
500CS 5/120 16MB 1.26GB 12.1" dual .. ...... ... .. 3657.56 
sooc;oT 5/120 16MB 1.26GB 12.1' active 6X CO ..... 4519.30 
72OCoT5I13316MB 1.13GB 12.1" active 6X CD.5289.11 
730CoT 5/150 16MB 2GB 12. 1" active 6X CD .. 6002.37 

A5T 
Ascentia Notebooks 

Jl0 5n5 8MB 500MB 10.4' dual ... ....... .. ...... ... .. 1979.47 
J20 5/100 8MB 540MB 11.3" dual ........ .. ...... ... .. 1736.97 
J30 5/100 8MB 800MB 10.4" dual .... ... ... ...... ..... 2063.79 
J30 5/100 8MB 800MB 10.4" active .... .............. 2434.62 
J50 5/133 8MB 800MB 10.4" active ...... .... ..... ... 2808.50 
P30 5/100 8MB 800MB 11 .3" dual4X CD ....... .. 2408.28 
P30 5/100 8MB 1.2GB 11 .3" dual4X CO ....... .. 2596.09 
P40 5/120 16MB 1GB 11.3' active 6X CD .. .... 3287.93 
P40 51120 16MB 2.1GB 11.3' active 6X CD ..... 3749.59 
P50 5/133 8MB 800MB 11.3" active 4X CO ...... 3528.11 
P50 51133 8MB 1.2GB 11.3" active 4X CD .. ... 3809.67 
P50 51133 24MB 1GB 12.1 " active 6X CO ..... . .4217.73 
P50 51133 24MB 2.1GB 12.1 " active 6X CO ..... .4676.95 

Advantage! Lifestyle Mini-towers 
93125/166 24MB 2.5GB ax CD ......... ... .... ... .. ... 2445.84 
93105/166 24MB 2.5GB ax CD ......... ... ... ... ... ... 2351.94 
931551166 32MB 2.5GB ax CO .... ........ ... ... ... ... 2633.64 
931651200 32MB 3GB 8X CD ....... ................. ... 2821.44 

Advantage! 9300 Series Mini-towers 
93045/133 24MB 1.6GB 8X CD ................... ..... 1659.53 
930851166 24MB 2.5GB 8X CD .... ..... .... ...... .. ... 2073.30 
931451200 24MB 4GB ax CD .. .. ........ ..... .. ..... ... 2633.64 

B ravo Desktops 
lC 5100 5/100 8MB 630MB ........ ... .. ..... .... ... ..... 1167.46 
lC 5100 5/100 16MB 1.2GB.. . ....... .1 287.19 
lC 5133 51133 aMB 630MB ............ ..... ........... .. 1293.52 
lC 5133 5/133 16MB 1.2GB .... .. .... .. . : ....... ... ..... 1375.74 
l C 5166 5/166 16MB 1.2GB ..... .... .. .... ......... .... . 1704.60 
MS 5100 5/100 16MB 1.2GB .... ..................... .. .. 1377.41 
MS 5100 5/100 16MB 2.1GB ... ....... ..... .... ..... ..... 1488.05 
MS 5133 5/133 16MB 1.2GB. .. ...... ............. 1499.11 
MS 5133 5/133 16MB 2.1GB .... ........ .. ............... 1609.74 
MS 5166 5/166 16MB 2.1GB 6X CD ....... .... .. .. .. 2052.28 

Bravo Mini-towers 
MS-T 5100 5/100 16MB 1.2GB .. .... .... .. .... .... .. .. . 1399.54 
MS-T 5100 5/100 16MB 2.1GB .. . .. .............. 1543.36 
MS-T 5133 5/13316MB 1.2GB .... ... .................. 1554.43 
MS-T 5133 5/13316MB 2.1GB ...................... 1701.60 

COMPAQ 
Armada Notebooks 

11205/100 8MB 810MB 10.4" dual ... .......... .. .. .. 1888.23 
1120T 51100 8MB 810MB 10.4" active ..... ... ...... 2208.02 
41 1051100 8MB 810MB 11.3" dual ................. 2496.17 
41 1005/100 8MB 810MB 11.3" dual ............... . 2879.37 
412051120 16MB 1.08GB 11.3' dual ....... .... ... .. 3072.41 
4120T 5/120 16MB 1.08GB 11.8" active ... ..... .. . 3744.82 
41 30T 5/133 16MB 1.08GB 11 .8' active .... ... .. .. .4417.17 

l TE 5000 Series Notebooks 
50005/75 8MB 810MB 10.4' active ................ . 3648.77 
51005/90 8MB 810MB 10.4' active ................ . .4032.91 
51005190 8MB 810MB 10.4' active 2X CD ...... 4411.11 
51505/100 8MB 810MB 11.3' dual .... ......... .... .. 2819.31 
520051120 8MB 1.35GB 10.4" active ...... .... .. ... 4801.31 
52505/120 16MB 810MB 10.4" active .... ..... ..... 3648.71 
528051120 16MB 1.35GB 11.3" active ... ... ... .. ... 4411.11 
5300 5I133 16MB 1.35GB 12.1 ' active ............. 4801.31 
5380 5I133 16M8 2.16GB 12.1' active ..... ....... . 5761.81 

Deskpro 2000 Series Desktops 
5100/6305/100 8MB 630MB .. ....... ..... .... ...... .. .. . 1118.70 
5100/1200 5/100 8MB 1.2G8 ..... ... ... .. .... ... ... .. .. . 1282.55 
5100112005/100 16MB 1.2GB ....... ... ..... ... ... .. .. . 1384.25 
512011200 51120 8MB 1.2GB .... .... ..... .... ... ... .. .. . 1401.20 
5120/1200 5/120 16MB 1.2GB ..... . ... ... 1502.90 
513311200 5113316MB 1.2GB .......... ... ............. 1655.45 
51331250051133 16MB 2.5GB .. ....... ... ...... ... ..... 1858.85 
5166/1200 5/16616MB 1.2GB .......................... 1966.20 
5166/25005/166 16MB 2.5GB ............. ........ ... .. 2169.60 
5200/25005/200 32MB 2.5GB ... ...... ...... ...... .... . 2768.50 
6180/1200/CD 6/180 16MB 1.2GB 8X CD ....... 2542.50 
6200/2500/CD 6/200 16MB 2.5GB 8X CD ..... .. 3152.10 

COMPAQ 
Deskpro 2000 Series Mini-towers 

513312500/CD 5/13316MB 2.5GB 8X CO ........ 2073.55 
5166/2500/CD 5/166 32MB 2.5G8 8X CD . ...... . 2621 .60 
6200/2500/CD 6/200 32MB 2.5GB 8X CD . ... ... . 3406.95 

Deskpro 4000 Series Desktops 
5120/1080 5/120 16MB 1.08GB ........... ... ..... ... . 1627.20 
5120/1620fLS 5/120 16MB 1.62GB ................... 1875.80 
5133110805/133 16MB 1.08GB .. .. ..... ... ... ........ . 1808.00 
5133/16205/133 16MB 1.62GB .. .. ...... .. .. .......... 1875.80 
516611620 5/166 16MB 1.62GB.... .. ..2186.55 
5166/2500llS 5/166 16MB 2.5GB .............. .. ... .. 2508.60 
6180/1620/CDS 6/180 32MB 1.62GB 8X CD .. ... 3051.00 
620012500/LS/CDS 6/200 32MB 2.5GB 8X CD .3638.60 

Deskpro 4000 Series Mini-towers 
513311620/lS 5/133 32MB 1.62GB .. ........... ... ... . 2309.85 
5166/2500/CDS 5/166 32MB 2.5GB 8X CD ... .... 2881.50 

Deskpro 6000 Series Desktops 
516611080/CDS 5/166 16MB 1.08GB 8X CD ... . 2847.60 
516611080/CDS 5/166 32MB 1.08G8 8X CD .... 3107.50 
5200/10aO/CDS 51200 32MB 1.08GB 8X CD .... 3519.95 
618012150/CDS 6/180 32MB 2.15G8 ax CD .... 3813.15 
6200/2150/CDS 6/200 32MB 2.15GB 8X CD .... 3983.25 
6200/4200/PDS 6/200 32MB 4.2GB PO-CD .. .... 4847.70 

Deskpro 6000 Series Mini-towers 
5166/2150/CDS 5/166 32MB 2.15GB 8X CD ..... 3519.95 
620OJ4200/PDS 6/200 32MB 4.2GB PD·CO .. .. .. 4881.60 

Pre sa rio Desktops 
41125/120 16MB 1.6GB 6X CD .. ... ..... ... .. ...... ... 1499.00 
41225/150 16MB 2.5GB 8X CD .. ... .. ....... .... ...... 1899.00 
4402 51133 16MB 1.6GB 6X CD built-in 15" monitor .1999.00 

Presario Mini-towers 
4704 5/13316MB 1.6GB 6X CD .. ................. ... .1699.00 ' 
471251166 24MB 2.5GB 6X CD ..... .............. .. . 2199.00 
6704 5/166 24MB 2.5GB 8X CD ..... .... ... .. ... ...... 2399.00 
87025/166 24MB 2.5GB 8X CD ..... ............... ... 2499.00 
47165/200 32MB 2.5GB 8X CD ......... .... .. ...... .. 2799.00 
6708 51200 32MB 2.5GB 8X CO .... ... .... .. ... ... .... 2999.00 

ThinkPad Notebooks 
365ED 5/100 8MB 540MB 10.4" dual 4X CD ..... 1969.00 
365ED 51100 16MB 810MB 10.4' active 4X CD 2537.28 
365X 5/100 8MB 810MB 10.4' dual .. ....... .... .. .. .. 1999.00 
365X 5/100 8MB 810MB 10.4' active .... ... ..... .... . 2339.05 
365XD 51100 8MB 810MB 10.4" dual 4X CD ..... 2365.37 
365XD 51120 8MB 1GB 11.3' dual4X CD ........ 2562.18 
365XD 51120 8MB 1GB 10.4" active 4X CD ... .... 2881.21 
56051100 8MB 810MB 11.3' dual. ..... ....... ..... .. 2161 .79 
5605/120 8MB 810MB 12.1" active .... ............. .. 3743.78 
56051133 8MB 1GB 12.1" active .. ..................... 4195.15 
760E 5/120 8MB 810MB 12.1' active ........... .. .... 4407.24 
76GE 5/120 8MB 1.2GB 12:1' active .... .......... ... . 4427.71 
76GE 5/13316MB 1.08GB 12.1' active ............ 5947.85 
760ED 5J133 16MB 1.2GB 12.1 " active 4X CD .. 6994.98 
760El 5/100 8MB 810MB 11 .3" duaL.. ... ...... ..... . 320S.62 
760ELD 5/100 8MB 810MB 12.1" active 4X CD 4599.82 
760El 5/120 8MB 810MB 11.3" dual ...... ... ..... ... . 3409.81 
760El 5/120 8MB 1.08GB 12.1" active ... .. ... .. ... . 4392.50 
760El 5/133 16MB 1.08GB 12.1' active ... ... . .. 5497.32 

Aptiva Series Desktops 
C33 5/13316MB 1.6G8 8X CD ... ..... ..... ... ... ..... . 1999.00 
C65 5/166 16MB 2GB 8X CD ...... .. .. ........ ......... 2449.00 
C735/200 16MB 2.5GB 8X CO ...................... ... 2899.00 

pe300 Series Desktops 
PC330 51133 16MB 1.2GB 3 bays .... .. .. ... ... .. .... 1739.91 
PC330 51133 16MB 1.6GB 3 bays .... .... . .... .1808.89 
PC340 5/100 16MB 1.2G8 4 bays... . .... .1389.16 
PC340 5/133 16MB 1.2GB 4 bays ..... ... ............ 1618.81 
PC350 51100 16MB 1.2GB 5 bays ......... ..... ... .. . 1589.87 
PC350 5113316MB 1.2GB 5 bays .... .. .... .... ...... 1775.70 
PC350 5113316MB 1.6GB 5 bays 6X CD ... ...... 1998.82 
PC350 51166 16MB 1.6GB 5 bays ... ..... .. .... ...... 2146.32 

PC700 Series Desktops 
PC700 51100 16MB 1.2GB 5 pays.. . .. ... .... 1708.23 
PC700 51133 16MB 1.2GB 5 bays ............. .. ... . 1916.19 
PC700 5J16616MB 1.2GB 5 bays .. .. .. ... ... ..... ... 2542.16 

NEe 
Versa Notebooks 

2400 5/100 8MB 810MB 11.3' dual ... .. ... .. ...... ... 2299.00 
2400CD 5/100 16MB 1GB 11.3" dual6X CD .... 2699.00 
42005/100 8MB 810MB 10.4" active ..... ......... .. 2999.00 
42305/133 8MB 1.08GB 10.4' active 6X CD .3899.00 
4050H 5/90 8MB 810MB 10.4' active ............ 2999.00 
4080H 5/120 8MB 1GB 10.4" active .. .. .. ... ........ .. 3699.DO 
6000H 5/100 16MB 1.08GB 11.3" active 6X CD 3999.00 
6030H 5/13316MB 1.35GB 12.1 ' active 6X CD4999.00 
6030X 5/13316MB 1.44GB 12.1' active 6X CD 5399.00 

~TEXAS 
INSTRUMENTS 

Extensa Notebooks 
5105/100 8MB 810MB 10.4" dual ... ..... ........... .. 1739.77 
555CD 5n5 8MB 524MB 10.4" duaL ..... ...... .... .. 1354.90 
570CD 5/100 8MB 810MB 11.3' dual6X CD ..... 2248.27 
570CDT 5/100 8MB 1.2GB l OA" active 6X CD .2894.01 

TravelMate Notebooks 
TM5200 5/120 8MB 1.2GB 11.3' active .. .......... 2701.43 
TM5300 5/133 8MB 1.2GB 11.3" active ....... ..... 2701.43 
TM6020 5/120 8MB 1.08G8 11 .3" active ... ... .. .. 4041.95 
TM6030 51133 16MB 1.35GB 12. 1" active .. .. .... 4806.26 

(ha ~!6'KL:~6 
Vectra 500 Series Desktops 

510CD 5/120 16MB 1.28GB 6X CD ..... ... .. ..... .. . 1616.99 
Vectra 500 Series Mini-towers 

515CCx 51120 16MB 1.28GB 6X CD .. ... ........... 1819.45 
515CD 5/13316MB 1.62GB 6X CD ............ ... ... 1828.75 
515MCx 51133 16MB 1.62GB 6X CD ....... ...... ... 2064.29 
515MCx 51150 16MB 1.62GB 6X CD .. ......... .. ... 2174.31 
5 15MCx 5/166 16MB 1.62GB 6X CD .. ... ... ..... .. . 2353.19 

Canon" 
BJ30 monochrome ... .... ... .... .................. ... ... . 265.50 
BJC70 ... ......... .. ..... ..... ... ........ ... ........ ... ..... ... ... .. ... . 293.86 
BJC210 .......... .. ... .. ........ ........ ... .... .... ........ ... ..... .... 149.00 
BJC610 .... ........ ... .. .... .... ... ... .. .... ........ ... .. .. .. .......... 429.00 
BJC4100 .... .. ... .. ... ... ...... ........ .......... .. ... .. .. .. ... ....... 229.00 
MultiPASS 800 printlcopy/scan/fax ... ..... .. .. ... ....... 499.00 
MultiPASS C2500 color prinVcopy/scanlfax ....... . 599.00 

EPSON" 
AP5000+ .. .. ....... .. .. .......................... .. ... .. .. ..... ...... . 216.01 
DFX5OO0+ ........ ......... ... ..... .. ........... ............ ..... ... 1385.48 
DFX8000 ..... ......... .. ...... .. .. .... .. .... ........ .... ... ........ . 2343.13 
FX870 .. ........ .. .... .... .... ... .. ........... ......... .. ... .... .. .. ... . 289.45 
FX1170 ..... ..... ...... ....... ..... . ...... ... .... ................. ... 376.56 
lQ870.. . .. ........... ..... ........ ..... ... ...... ................ ..... .443.03 
LQ2070 .... ... . ...... ...... .... ........ ... ........ ... .. ...... ... ... 383.04 
LQ2170 ..... .. ..... ... ..... .. ... ... ........ ...... .... ....... .... ..... .. 599.00 
LX300 . .. ..... .. ... ...... .. .. ... ... .. ...... ...... ..... ..... .. ...... .. .. .. 167.09 
Stylus 1500 .... ..... ....... .. .... ...... ........ ........... ..... ... ... 995.00 
Stylus Color 500 .. ..... .. ..... ... .... .... .... . : ...... ..... ..... ... 279.00 
Stylus Color II ... . ..... ..... . 279.00 
Stylus Color lis .... ............. ... ... ... ........ ... ........... ..... 157.06 
Stylus Pro color .. . ..... ............. ... ........ ... ..... ...... ... .. 319.00 
Stylus Pro XL color ...... ... .. .. ...... .................... ..... 1199.00 

(ha~!;;VKa.;~6 
HP DeskJet 400 printer .... .. .... ....... ...................... 198.56 
HP DeskJet 340 portable inkjet printer ... ............. 293.84 
HP DeskJet 682C color printer .... ........... ..... ...... .. 299.00 
HP DeskJet 820Cse color printer .. ............. ..... ... . 399.00 
HP laserJet 5l Xtra printer .. .. .. ...... ............. .... ... .479.00 
HP l aserJet5P printer .. ....... .... ... ... ............... ..... . 881 .83 
HP OfficeJet inkjet fax/copier/printer ... ... ............. .494.03 
HP OfficeJet 350 inkjet faxlcopier/printerlscanner549.00 

lExM,\RK. 
403910 Plus .. .... .............. .. .... .. .. ... ... .. ... .... ......... 1031.81 
Optra E ...... ..... ... .... ........ .. .. ..... ... ..... ..... .. ....... ... ... . 542.17 
Optra LX+ . ... ..... ... .............. ..... ............ ........ ..... 1849.39 
Optra N .. ........ ..... ........ .............. ........ ..... .... .... .. 2686.10 
Optra R+ .. ..... ..... ....... .. .. ..... ... .... .... ... .. ... ..... ........ 1253.62 
Optra Rt+ ... ... .. ... ....... .. .. ........ .... .... .. ...... ... ...... .... 1481.54 

OI(I~ 
184 Turbo .......... ........ ... ..... .... ......... ... ... ..... .... ...... 228.28 
320 Turbo ... ... ... ...... .. .. .. ... ......... .. .. .... ........ ... ....... .. 317.1 5 
321 Turbo .. ... ... ... .... .. .. ... ... .. .. ...... .. .......... ... .. .. ... .. .. 445.72 
ML395 .. ........... ... .. ....... ... .. .. .... .......... .. ... .. .. .. ... .... 1005.20 
Ml520 ....... .. .. .... .... ... .. ... ... .. ... .... .... .... .... ...... .. ....... 381.94 
Ml521 ..... .. ... .. ... ..... ... ... ........ .. ...... ........ .. ... ...... ... ... 509.02 
Ml590 .... ............. ... .. ......... .................... ... .. ...... .... 445. 72 
ML591 ............. ......... ... .. .... ...... .. .. ............ .. .. .. ... .. .. 603.61 
Okipage 4w ... .... .. .. ... ... .. ... .. ... ..... ... .. .. .. .. ... ... ..... .... 299.00 
Ol600e .... ..... ...... .. ...... .. .......... ... ..... .. .. .. .... ..... ...... 399.00 
Ol61 OelPS ....... .. .. ... ... ..... ... .. ..... ..... .. .. ... .. ..... ... .... 693.66 
Ol810E .. ..... ..... ... .. ... ........ ................ ....... ... ...... ... 755.42 

~. 

540MB EIDE .. .. ... ....... .. ... .................................... 164.65 
1.6GB Fast-ATA ... .. .. ... ..... ........ .. .. .... ... ..... ... .. ..... .. 246.53 
2.0GB Fast-ATA .. ... .. ... ... .. ...... .... .... .. ... ... .. ... ... ...... 275.33 

CDW® sells for less and services you betterr" 

631 MB Fast·ATA .. ... ..... ...... .. ...... ... ... ... .... ... ..... ..... 165.94 
1.08GB Fast·ATA2 ....... ... ......... ......... ... .. ... .. ........ 196.01 
1.08GB Fast SCSJ·2 .... ........... . .. ..... ..... ... ....... 265.22 
2.1GB FastATA-2 .......... .. .................. .. ...... ....... 219.10 
2. 14GB Fast SCSJ·2 ... ... ... ............. .. .... . .............. 136.68 
2.1GB ultra wide SCSI-3 ............ ..... ............... .. 573.11 
4.29GB Fast SCSI-2 ... .. ... ............. .. ..... ... ... ..... ... .. 988.74 
9GB Fast SCSI-2 ... .... ....... .. .. ... ..... ... .. ...... .. ... 1965.49 

i2& WESTERN DIGITAL 
Caviar 853MB EIDE .. .. ... ........................ ...... ..... ... 171.71 
Caviar 1.2GB EIDE .......... ... .. ......... ... ... ......... ....... 222.82 
Caviar 1.62GB EIDE ....... .. .... ..... ....... ............. .. .... 239.18 
Caviar 2.1GB EIDE-2 ... ... ...... ... > • •• • • • ••• • • • • • • •• • •• • • • •• • • • 308.36 
Caviar 2.5GB EIDE-2 ..... .. ... ... .. ... .. .. .. .... .. .. .... .. .. .. . 346.43 

(l)Hayes' 
ACCURA 366 V.34 internal w/fax .... ... ........ . .. ... . 141 .13 
ACCURA 366 V.34 external wlfax ... ................ ... 149.36 
ACCURA 366 DSVD internal ..... ...... ......... .... ... .... 201.80 
ACCURA 366 DSVD external .. .. ...... ......... .. .. .. .. ... 225.38 
ACCURA366 V.34 internal voice .... ................ ... . 158.77 
OPTIMA 366 Business Modem external .. ... .. ... .... 236.48 

@MOTOROLA 

BitSURFR ISDN adapter internal ...... ........ .......... 263.97 
BitSURFR ISDN adapter external. ..................... .. 263.63 
BitSURFR Pro ISDN terminal adapter .. .... .. .... ... .. 345.90 
ModemSURFR V34 28.8 internal ............. ..... ..... 111.39 
ModemSURFR V.34 28.8 external ............ ... ... ... .. 127.02 
OnlineSURFR V.34 28.8 inte rnal ... ............... ..... . .1 32.89 
OnlineSURFR V.34 28.8 external ... ..................... 151.11 
VoiceSURFR V.34 28.8 internal ........... .. ... .... .... .. . 157.91 

•• PRACTICAL 
. PERlPHERAlS. 

14.4 internal w/fax .. .... ... .. . .. ........... ....... .. ... .. .... ... .... 66.77 
14.4 Mini-tower w/fax .... . ... ........ ... ....... .. .. ... .......... . 79.05 
V.34 28.8 internal w/fax ..... .. .... .. ..... ... ........ ... ... ... 116.54 
V.34 28.8 Mini·tower w/fax ....... ... ... ..... ... .... ......... .139.95 

lil!:lIobotlcs 
Sportster Series 

14.4 internal w/fax ... .... .. .. ..... ... ... ........ .... .... ........... 96.52 
14.4 external w/fax ........ . .. .. 113.62 
V.34 28.8 internal w/fax .................... ........ ......... . .149.48 
V.34 28.8 external wlfax ... .. ... ........ ... ........ .... ... ... 169.29 
Voice V.34 28 .8 internal wlfax . .... ... .. ......... ........... 169.29 
Voice V.34 28 .8 external wlfax .... ................. ........ 189.40 
Winmodem V34 28.8 internal wlfax ..... ....... ... ..... 114.93 
ISDN 128K terminal adapter ....... .... ... .. ...... .. .. .. ... . 291.91 

Courier Series 
V.34 28.8 internal wlfax ...... ... .. .... .. .... .. .. ... ........ ... 238.90 
V34 28.8 external w/fax ...... .... ...... ... ... ............. ... 215.65 
I·modem ISDN V.34 faxmodem internal ...... .... .... 418.52 
I-modem ISDN V.34 faxmodem external ... ... .. .. .. . 488.41 

;f.iii4·;':i;f.id:i'i4 

Back-UPS Office. .. ... .. ... . ... ..... 138.33 

Back·UPS Pro 280 PNP I"· ........ .145.12 
Back·UPS Pro 420 PNP ... .. .. .. 241.90 
Back·UPS Pro 650 PNP ... .... . .. . . ......... 298.56 

!~:~~~~! r~~g:: : ::: . .. . ::::: ::: ... ~ .. : : :: : : : : : :::~::i 
SurgeArrest Personal .... . ... ....... 16.14 
SurgeArrest Professional .. ...... .......... ........ .. ....... ... . 26.18 
SurgeArrest Network .................... ...... ..... ... ....... 29.24 

~~ 
BC250 .... ......... ..... ..... ... ...... .... ...... ... .............. ....... 93.20 
BC PERS 420 ........ .................. ........ ..... ... ... ..... . .126.49 
BC PEAS 500 .. ..... ..... .... ... .. ......... .. : .. ... ...... .... ... . .156.25 
BC PAO 550 ... ... ... ..... .. ... ..... ... ........... ... ........ ... .... 181.41 
BC PRO 675 .... .. ... .. ............. .. ..... .. ... .... ... ...... ....... 213.24 
BC PRO 850 .... .. .. ... ... ..... .. .......... .. ... ..... .. ... .......... 275.86 
BC PRO 1 050 .. .... ...... ..... .. .... .. .. .. .. ... ..... ... .. ..... ..... 309.20 
OmniSmart 280 PNP ....... ............... .. ......... .... .. .... 133.93 
OmniSmart 450 PNP ....... .... ... .. ... .... ...... ... .. .. .. .... 204.15 
OmniSmart 675 PNP .... ...... ...... ~ ............ .. ........ 234.21 

800-959-4239(4CDW) 



Today's applications require higher performance and reliability from your storage configurations. 
Cons an RAID systems are your storage solutions. 

We have specialized in mass storage configurations for nine years and Consan designs the highest 
performing RAID configurations to meet your most demanding needs. 

() H A R D WAR E + S 0 F TWA R ERA IDS - All Raid levels for all platforms. 

() HOT S W A P - Optional hot swap drives, power supplies, and fan. 

() DIG I TAL V IDE 0 + CAD - Digital Video + CAD Approved with most applications. 

() NET W 0 R K S E R V E R S - Combining performance and data integrity. 

C ((J) N SAN builds Seagate based solutions as well as a full line of tape, optical and CDR storage 
products. For more information, call Consan toll-free at : 

c5S» Seagate COJMN 
7676 EXECUTIVE DRIVE 1320TQWER ROAD 101 EAST PARK BLVD 

[) 
EDEN PRAIRIE, MN 55344 SCHAUMBURG, IL 60173 PLANO, TX 75074 

Ii TEL: 612-949-0053 TEL: 847-519-1060 TEl: 214-422-3392 

FAX: 612-949-0453 FAX: 847-519-1248 FAX: 214-422-3397 

© 1996 Consan, Inc. Seagate and the Seagate logo are registered trademarks of Seagate Technology, Inc. 
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Switch to any Server 
by Name from an 

On-Screen Display! 

Now, switching computers with your 

AutoBoot keyboard/video/mouse 

switch is even easier. Just call up the 

Director menu, choose a computer and 

you're done! No buttons to push or 

codes to remember. Since you name 

your computers whatever you like, 

picking one from the menu is a snap. 

Keep your current computer name on 

screen at all times, or for just a few 

seconds after switching . 

Best of all, the Director works with any 

platform, operating system or software you use. 

All you need is a Commander product with 

keyboard control capability. And, because it's an 

add-on product to your existing Commander, 

there's no software to install. 

With the Director, making the 

switch to Cybex is easier 

COME SEE US AT than ever! 
Networks Expo in Dallas, TX Oct. 29-31 Booth #1591 

COMDEX/Fall"96 in Las Vegas NV, Nov. 18-22 at Booth #L4254 

Cybex Computer Products Corporation 
4912 Research Drive • Huntsville, AL 35805 USA 
1-800-932-9239 • FAX (205) 430-4030 
http://www.cybex.com 

PC is a registered trademark of International Business Machines Corp. Macintosh is a registered trademark of Apple Computer,lnc. Sun is a 
trademark of Sun Microsystems. Cybex, Commander, AutoBoot and 4xP are trademarks of Cybex Computer Products Corporation . 

Dealer Program Available Made in USA 
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4 x 8-80 .. ... ............. ..... .. ..... .......... .. .... .. 29 .. 
4 x 8-70 ............. ............. ..... ... .. .. .... .... .. 39 .. 
Compaq 1Meg V-Ram PI. No. 171017-001 ... ... . 19 .. 
Thinkpad 750, 720, 700, 360, 355 4Meg ... .. .... 49 .. 
1 x 1-80,18 pin chip .. .. .......... ...... ...... ..... .. . 2 .. 
1 x 9-80 .. ...... .. •........ ... .... .. ... .... ....... ....•. 12 .. 
256 x 1-10, 16 pin chip .. •.. ..••..•...... .. .. ..• .• ... 50~ 
Cyrix DRX2, 16-32 ...... .... .... ... ....... ............ 69" 
NEC Versa 4Meg .. .... .. .... ...... ............ ........ 49" 
Panasonic 6500, 1Meg Module ........ .... .... .... 14" 
HP 4P, 5P, 4V, 1Meg ...•...•. .•.. ...•. ....•. .. ..... . 14" 
HP 4, 1 Meg ........ ...... ....... .. ..... ........ ... ..... 14" 

12MS 

"" 32Kx8 9.00 
32KxS(3.3V) 
~~1 
~~4 
~~8 
16K.x4 

""" 3b:6SOJ _ 
CaUlorSOJVetsloo 

15MS 
'.50 
'.50 

14.00 
11.00 
11.00 
lS.00(5V) 
8.00 

29.50 
12.00 

20NS 
' .00 
4.25 
'.50 
'.00 
'.00 

19.00 (3.3V) 
7.00 

26.00 
11.00 

25MS 
5.50 
'.00 

'''i'$' J:t·Nlj! f1 
256K (160pill) Pipelinl! Bursl Cache Module 

$22.00 
S12K (160plnJ PipeUnf! Burst Cache Module 

8.00 $39.00 

::: Z56~J~~~~~Ie':~ji~C~~:dUJe 
24 .00 $59.00 
'.00 IqOi!:t¢tll,n 

80287-XL 49.00 Individual D·RAM Chips 
80387·16 OX 39.00 
80387-20 OX 44.00 

:~~~~~~~ mg~ ~'II 1 ~:~ 
:~::: ~r ~o~f All) ~~:~ 
Intel 16SX 29.00 
Intel20SX 29.00 

Lowesl price on Intel overdrive chips 

MEMORY FOR 18M &.I.PPLE 
IONS SONS 10NS ~NS lOONS 

lMegxl 6.65 6.45 5.~ 4.~ 
lMI!\lx4 - 49.00 39.00 M.OO 
lMeox4(Zip~\ - 24.00 ~.OO 21.00 
256x4PageDip - 725 6.75 .50 5.~ 2564(~talicDiP - .. ~ 

Zipj- 9.25 '.00 8.~ 
Zip}- 10.95 •. ~ 7.~ 

19.00 18.00 
3.25 2.~ 2.75 2.25 

3.75 
2.00 

~.OO 29.00 '5'W:' fH "fill 39.00 
49.00 39.00 

Cyrix330X$39 Cyrix 400X $79 

Make Your 486 Run like a Pentium'" 
3X Fasler, tor 486 Based Ox2, Ox, Sx2, Sx. _ ONLY $135.00 

SIMM MODULES (Add $5.00 for SIPP) 
40"' SONS 60NS 70NS 80NS lOONS 

256x9 '.00 5.00 5.00 

l~~~ ~g~:~l 16.00 13.00 13.00 
22.00 19.00 14.00 14.00 

4Megx 9 41.00 39.00 39.110 
16Meg x9 (9 chip) 179.00 169.00 169.00 

72 PIN SIMMS (FPM, EDO) SO DIMMS (791144 pin) 
60NS 70NS HONS 72 Pin, 3.3V 

li~~ :~:~ 19.00 19.00 19.00 72 Pio, 3.3V 
36.00 34.00 34.00 72 Pin, 3.3V 189.00 
44.00 39.00 39.00 72 P!n, 5V 4"~ 49.00 
74.00 69.00 69.00 72PIO, 5V 8Meg 89.00 

124.00 119.00 119.00 72 Pin, 5V 16Meg 189.00 
249.00 244.00 244.00 

l::~t~:H~ 1~~~ lIDl:gj 699.00 689.00 689.00 
34.00 29.00 29.00 144P!n, 3.3V 32Meg 339.00 
5400 49.00 49,00 144 Pin, 3.3VEOO 8"~ 89.00 

109.00 104.00 104.00 144 Pjn, 3.3VeOO 16Meg 166.00 
199.00 189.00 189.00 l1Hl~: H~~gg 32Meg lm:~ 509.00 499.00 499.00 ""~ 36.00 29.00 29.00 1:: ~i~: ~~ ~g8 8Meg 89.00 54.00 49.00 49.00 16Meg 166.00 109.00 104.00 104.00 1:1 ~:~: ~~ ~B8 32Meg 339.00 199.00 189.00 189.00 

""~ 1937.00 

ECC SimmsiDimms Modules DIMMS (168 pin) 
Pemium Pro 72 Pin (install in p.J;irs) 1 SIMMS .,,, SMeg 59.00 

16Meg .... . .. 159.00 2<" 16Meg 111.00 
32Meg .. . ... . .. .. . . .... ... . ..... ... . 319.00 4,64 32Mcg 225.00 
64Meg .... . ... .... .... ...... . .. . .. . 2349.00 8,,, 64Meg 449.00 128Meg .. .4628.00 

16x64 128Meg 1995.00 3.3VECC 
SMea .. . .106.00 

16Meg . . 209.00 3.3VSDRAM 6Meg 109.00 32Meg .. 329.00 
64Meo ' . .709.00 3,3VSDRAM 16Meg 209.00 

3.3VSDRAM 32 Meg U9-00 

ASTMEMORY 
MOOR AMT.UPGRADED ASTPART I PRICE 
Bravo LCSeries, BravuMT,BravuMS 4Meg 500987-002 34.00 
MS-l Amntage Pro oX33. SX25 8Meg 500987-003 68.00 

16Meg 500987-004 119.00 
32Meg 50098],(105 278.00 

PremmiaLXPI6O,MX4i66d,41100T,PI6O 8MeO 500987·003 7S.00 
16 Meg 501341}-002 180.00 
32 Meg 5009SH105 278.00 
64 Meg 501569-001 649.00 

Premmia4133. 4133S,4ISOd, 416Od 8 Meg 501159·002 89.00 
PremmiaSE4I33, 4i66d, PI6O 16 Meg 501159-003 149.00 
PremmiaMTE4/33,4/66d,PI6O 32 Meg 501159·004 329.00 
Manhattan G,VSeries Server 64 Meg 501159-005 859.00 
Power Premium 3J33,4/33, 4f.l3S, 415Dd,4166d 8Meg 500780-001 168.00 
Premium 486125,4!l6125E. 486133. 486/33E 
Premium 38613:lTf,486125Tf. 486133Tf 
Prem. II 386125,385/33,486/33, 486SXI20 
Bravo4!l6125,486133 2MegKit 500781}-OOS 
Advantage4!l6125,486133, 486133P, 48SSXI20 
PremiumS~4m BMegKrt 500780·001 118.00 
Premium SE 4150 ,d,66d,PI6O 1 Meg 500780·003 19.00 
Prem.386133T. 386SX16. Prem.1I 386SX.20, 386!25 4Meg 500781}-004 59.00 
PremmiaGXP/90,P/100 8MegKltl16MegKit 501565·0011501566'001 981178 

32Meg Kit/64Meto Kil 501567-0011501568·001 278/518 
AST Cupid Board 0·32 Meg 500818·001 159.00 

. .. 
SECURITY WILL 
CALLWI .... DOW 

.... OWOPE .... 

CALL 
TOLL FREE 

:' IBM PS/1, PS/2 MEMORY MODULES 
IBM PART NO. 
3OF5360(2Meto) 
6450604t92G7196 (2Meg) 

WORKS WITl1 MODEl NO. 
30-286. 25-286. 50 MTHR SO. 
70'061,E61, 121, 50Z, 55SX,65SX, P-70, 
55LS,65lS,X-Statkm120&130, 35SX,35LS,40SX 
70·A21,A-61, 8-21,S·61,35SX,35LS,40SX,Val PL325T 
35SX,40SX, 55SX, 65SX, 55LS,65LS 
55SX, 55LS, 65SX. 4OSX. 35SX, 35LS 
PIS1&PiSl1386SX-2121 
PIS1 &PiSl1386SX,MClOOI-21 21 
PSI Expert,Coosultant, Willow 

l~~~l~~ffJ!~~jt PC300Series 

PC 100 Series 
PC Power Series 
PCSerm300, 325, 520 
PCServer500 
IBM 730/l50 

645012Ml2G7200(4Meg) 

~~~m~m~~~ ~~~~! 
6451158192G7208

J
4Meg ecC) 

6451159 (8Megecc 
92G721lW32G3720(1 Mellett) 

IBIII730/l50 
Aptiva 310, 330,35O,510, 530 . 7 1 0,730,Pen~um 
Aptiva310,330,35O,510, 53O.710. 730,Pen~um 
Aptiva310, 330,350. 510. 530, 710, 730, Penlium 
Aptiva310, 330, 350, 510, 530,710, 730,Pen~um 
Val ue Point Performance, PC Server 4166 
Value Point Perlormance, PC Server 4166 
Val ue Point Pe rlormance, PC Server 4166 
Val ue Point PC Server 4166 
56,57 
Value 85 
57SX, C,PIS1.3S6SX, 
Mod-2 Val PI 77, 486CS2,486SX, SIJR85 
ValuePoint774860Xl,486SX,SVR85 
35SX,40SX 
56,57,57SX,90,95, P-75.57SLC 
Value POint 774860X2,4S6SX. SVR85 

~~: ~~~: ~~~ !: ~~~:: i ~ ~: ~! 
9595 OPT 

PRICE 
7Roo 
39.00 

29.00 
59.00 
59.00 
49.00 
49.00 
49.00 

39/69/119/219 
39/69/119/219 
39/69/119/219 
39/69/119/219 

119/219/399 
199.00 
339.00 

39.00 
69.00 

1194.00 
219.00 
49.00 
89.00 

139.00 
239.00 
49.00 

49.00 

89.00 
89.00 

".00 
69-00 
"II 

IBM NOTEBOOK & LAPTOP MEMORY 
Thinkpad 750,C. 700, C,720,C. CL57SX 
Thin~pad 750, C, 700. C, 720. C. CL57SX 
Thinkpad 750, C 
Thinkpad 755, 365, 360,355.340,450 
Thinkpad 7S5. 365,360,355,340,450 
TII lnkpad755, 361J, 355. 340, 450 
TlJlnkpad 760EX, Ed, EL , 365X, XO 
Thinkpad500. 510CS (3.3 volt) 
Th inkpad500,51OCS(3.3volt) 
L'<4D,N33SX, PSNote 
LX40,N33SX. PS Note, Thpd 35O, 35Oc. PS Note 425 
LX40,N33SX, PSNote 
Thinkpad755 Oimm Modules 
Thinkpad755 
Thinkp.J;d350.35Oc,PSNote425 
Thiokpad350,35Oc,PS Note425 
Thlnkpad365 
Thinkpad 701C,CS, 8utterlly 
Thinkpad 701C, CS , Buttertly 
Thinkpad 701C,CS, Butterlly 
Thinkpad820 
Thinl:pad850 
TblnkpM760 

49.00 
149.00 

219/359 
49.00 

139.00 
199/479 

109/1991749 
79.00 

119/339 
69.00 
89.00 

119.00 
89/199 

174/389 
119.00 
199.00 

119/219/429 
69.00 

119.00 
169/536 
219/399 

99/169fl991499 
129/199/C,1I 

COMPAQ MEMORY MODULES 
Deskpro386S lMeo Module/4Meg Module 

lMegBoard/4MetoBoard 
Deskpro38625E120E IMeg Module14Meto Module 

lM~Board/4MegBoard 
Oeskpro386J25, 20 tMeg Module/4Meg Module 
OeskproSystem Pro 386133, 4!l6125, 486/50L 218132Meg 
Deskpro41661,4fJ31,41251S.31331,31251 2141BMeg 
Oeskpro "M-Series b:pansionBoardOK 
Oeskpro45O, 466. 4100,575, 590,5120, 5133 418116132Meg 
Deskpro XE433S, 450. 466 214/8Meo 
OeskproXE560(pairs) 418116132/64Meo 
DeskproXL45O, 466,XL560, xl566,XL575,5100xI590 4/8/16132/64Meg 
Presario433, CDS520, CDJV520, CoL524,COS526, COTV528 4/8/16!.l2Meg 

660. COS660.CDS720,CDS724, CDS744,COS86O 
CDS920,CD1V920, 924,CoS924, CoS954 

Presario 400 Series, 600 Series, 800 Series 4I8116!.l2Meg 
Presario CDS774,CoS972,CoS982. CDTV978, COS974 (in pairs) 418116/32Meg 

CDS992, 7152, 7170, 7180, 9546, 9548, 9564 
Prolillea 4125S, 4/33,4/33S,4150, 4166. CDS 1121418Meg 
Prol i neaMT4/33S.4J50,4IU, Enllanced~f33S,4I5OS, 4I5O.4/66 4I8I16132Meg 
ProHnea 450,466, 4100, 575,590, 5120, 575,590,5120 4/8/16/32Meg 

575 mini,5100mini, 5133 minI 
ProliantI5OO5175, 51100.1500R5fl5,5100 (Install In p.J;irn) 4/8116132Meg 
PrOSigma300,575,59D, 5005J'J(J,50051120 ( Ins~lI inp.J;irs)4/8116132Meg 
Proliantl0005l6O, Prosignia5l6O (ins!all in pairs) 4/8116/32 
Proliant200048615O,~,5I9O,2lXXlR5I66,5I9O(lnstallinp.J;lrs) 4/8/16/32 

4000 486J50, 5156. 5J9O,5JI00,4000R 5I66,5J90,5JI00 
45OO5Jloo.4500R5Jl00 

39!8' 
991201 
39!8' 

991201 
79/129 

29!89J2" 
591891169 Ill. 

49/89/149/299 
49/69f.l9 

39169/139J2991799 
39169/13912991799 

39/69/139/299 

49/89/139/269 
49/69/139/269 

19/29/49/99 
2914911041189 
2914911041189 

29149/104/189 
29149/10411~ 
29149/10411~ 
29/49/104/189 

COMPAQ LAPTOPS & NOTEBOOKS 
AtmiJda f1 00/4100 8MefJ/76Meg 149/239 
Ellie 5000, 5200 8Meg//6Meg/32M8g/64Meg 99//49/266/513 
lTEI386S12O 4MegModuie 121125-002 79.00 
lTELlTEI2O,25, 25C 4MegModuJe 129769-002 79.00 
lTELlTEI2O,25, 25C BMegModule 129769-003 119.00 
LTEL1TE120,25,25C 16MegModuie 129769·004 219.00 
LTE L1TE 425CJ33CJ25E125L 4MetoModuie 142337-002 49.00 
LTEUTE425C133CJ25E125l 8MegModuie 14233],(103 89.00 
lTEUTE425C133CJ25E125L t6MegModuie 14233HIG4 219.00 
SLT/386 4Meto Moduie 118305-001 " .00 
Concerlo,LTEElite 4"~ 144790-001 59.00 

8"~ 144790--002 99.00 

(;{)nlura 320. 325 
16Meg 14479(HI03 189.00 
4"~ 139498-001 99.00 
8"~ 139499·001 109.00 

Contura400, 410.420, 430 4Meg/8Meg/16Meg 49/99/189 
Contura 4125, 4125C, 4125CX 4"~ 146520·001 79.00 

8"~ 146521-001 99.00 
16Meto t4653HlO1 199.00 

Aero 4125,4/33 4"~ 190532·001 69.00 
8Meg/16Meg 190597·001 99/189 

HARD DISK DRIVES 
SEAGATE MAXTOR WESTERNOIGtTAl 

1.2GlG $207 1.0GIG 7850AV $179 850M8 AC2850 S180 
2.1 GIG 299 1.2GIG 71260AV 199 1.2GIG AC31200 229 

1.6 GIG 239 1.SGIG AC31600 259 
2.0GIG 276 2.1GIG $339 2.SGIG $389 

HARD DRIVES FOR LAPTOP & NOTEBOOK 
ISM NEe UNtVERSAL FOR ALL 

THINKPAD355,360,370, VersaE.V,M, P- l.3GIG · $769 NDTEBDDKS ANOLAPTQPS 
750, 755 - 810rng 54" 2.1 GIG 889 81amg $419 

1.3 GIG 786 Versa2000,4000 - 81Omg 5499 1.3GIG 759 
2.1 GIG 889 1.3 GIG 768 2.1 GIG 84. 

THINKPAD760 - 1.3GIG 5768 TOSHIBA 
COMPAQ 4700J4800 - 81Omg $499 

LTE5000,5101H110m Call 1.3 GIG "8 
t.3GIG Call TecraT700-810rng $749 

1.3 GIG 829 

CUSTOMER SERVICE & TECHNICAL: OPEN M-F, 9-4 PST 

All procKts brand new & gu;ranteed. We buy excess inventory 
Trademarks are registered with their respective companies. 

Circle 256 on Inquiry Card (RESELLERS: 257) . 

** Compaq, IBM, Toshiba, Epson, AST, TI and More!! 

TOSHIBA LAPTOP MEMORY 
MODEL AMT. UPGRADED 
Tecra50DjP650 8Meg/t6Meg/32Meg 
Teen 700, 710, 720 (SDRAM) BMeg/t6Meg/32Meg 
Twa1DO,710,720 810MegJ1.3Gig 
T2000SXEmOOSXJT1S00, 1850,C 2Meg/4MegI8Meg 
12100,2105,2150,2155.2110.2115 4Megl8Meqlt6Megf.:'4 Meg 
T4500, C, T4600,T4700, T1900,C,T1910,TI950(3.3v) 4Meg 

m~gt !~r;MV:Jl::~: ~l~i~: ii~~ g'!a~~~i~~ 
T600,610,CT Edo 8Meg/16Mew'32Meg 
T400CS, 400CDT. T1BO, 105£do 8MefJ//6Meg/32Meg 

MANU. PART . PRICE 
119/239/459 
149/269.1599 

729/B19 
PC-PA2000U 59/891119 

69/1091189/249 
pe·PA2012U 69.00 
PC-PA201 3U 11)9.00 
PC·PA2014U 199/349 
PC-PA2019U 8911 19/179 

11911891319 
119118!11319 

NOTEBOOK, LAPTOP MEMORY 
MANU. PART t 

50125H01, ·002 
500814-003 

501166·001.-003 
50131S-001.OO2 

PCAOOO5J.OOOI 

266. 386SX 

0P4104 

286,386SX 

MBC-NBMEM2 

ZA·3O(l·1 
ZA·4·4 

PCMCIA VERSION 2.0 

'" 129 

69 
14 
89 

19 

" 39 
49 
19 

J4 

s4 

"' Call 

" 29 

89 
29 

Call 

a9 
89 
79 
69 
79 
49 
89 
79 

PRICE 
$398 
44' 13' 14' Combo, Sound/SCSI 499 

Xlfcom ComboMS~~~~t ~r~~em 11 28.8 AdaPter~~ 

4 5 8 16 32 

.. 144 .,; J9 
49 
69 

'79 
129 2" 
70 99 199 

173 272 
II7J 272 

89 178 
59 " ,; " 99 
49 59 
29 49 89 

69 ,; 
74 89 '99 
39 49 89 124 
~ 49 89 ,~ m 

si 

'" '" 
39 49 

59 
113. 

89 
69 89 789 19. 23' .. 113. 259 

Call Call 
59 

39 89 
39 89 
89 
79 
79 

109 169 19. 
39 79 119 17. 
89 

Call 
'39 227 
139 229 
99 169 
89 '" ,; 189 
99 159 
99 149 

259 

129 189 329 
119 

Prices & Availability 
Subject to Change Mon-Fri, 8:00 a.m. to 5:00 p.m. PST 

Without Notice Sat. 10:00 a.m. to 12:00 noon 



Affordable! he All Micro CNE Self-Study Course™ is the first 1 00% 
Computer Based Training (CBT) program to fully pre

~:liiiiiiiiiiii!~ pare you for Novell 's CNE exams. Its innovative design 
provides fast, effective and convenient training to anyone wishing 
to become a Certified NetWare Engineer, even when hampered by 
a busy schedule. Our CNE CBT allows you to learn and practice 
everything you 'll need for full NetWare certification. 

The AliMicro CNE Self-Study Course is priced far below other 
competitive training packages, so you can now get top quality 
training at a price you can easily afford. 

• All on one CD 
• Interactive NetWare simulation for hands-on exercises 
• Study at your own pace 
• Hundreds of practice questions 

Added Bonus! i~ 
;0 

The AliMicro CNE Self-Study Course even II 
comes with the required Micro House ~ 

Ii Technical LibraryTM. You 'll have at your " 
fingertips the latest specifications, diagrams, ~ 
hardware settings, component locations, 

• Priced below competitive products 
• Everything you need to prepare for 

Novell 's test! 
~ AIiMicro 

configurations, and other hardware technical 
information, all on CD-ROM. Familiarity with the 
Technical Library is required for full certification. 

Effective! 
Through the use of interactive exercis

es, you'll be able to gain practical hands
on knowledge under simulated situations 
without the need for a working network. 

CNE Self-Study Course Don't put your career on hold 
any longer! Get the AIiMicro 
CNE Self-Study Course and 
get certified ... FAST! 

COURSE MODULES INCLUDE: 

All Micro's CNE CBT ensures that when 
you complete your training you'll be fully 
prepared to pass your CNE exams, and 
best of all, you 'll be ready and confident 
to go into the workplace and perform 
vital CNE functions. 

. Administration v3.1x • TCP/IPTransport for NetWare 
t ,ining • Advanced Administration v3.1 x • Networking Technologies 

'.'ij'. /feed,. CNEeo",pu~ri":lividual" • 3. 1x Installation & Configuration (#802) • NetWare 3.1x to 4.1 Update 
. '. The ",os ~J ebl for eO~pOrattons • Service & Support for NetWare (#801) *NetWare 4.1 course also available 

raJ11 avaJ a e 
prog 

Convenient! ,--- NOTE: As of 6/30/96 current eNE's will lose 
Our CNE CBT program offers you flexibil ity and portability their certification unless they pass Novell's 

unmatched by traditional training methods. You will study when new 3. 1x-4. 1 update test. We have the course! 
and where it's convenient, at your own pace using a step-by-step CAU TODAYII 
format for either NetWare 3.1 x or 4.1 ! 

For more information about our limited time discount pricing CALL: 1-800-653-4933 
INTERNATIONAL: (813) 539-7283· FAX (813) 531-0200 

FOREFRONT/ AIiMicro 
18820 u.s. HWY. 19N., #215, CLEARWATER, FL 34624 

Circ le 255 on Inquiry C ard . 

8M 



SPORTSTER "33.6Kbps Data" Fax modem with Personal Voice Mail 
Puts all the convenience of an answering machine. speakerphone. fax machine and reliable modem in one compact unit - and its easy to use, right from 

your home or office PC. 5 t, @ . [IIHllobotics· 
• Supports true ITU-T V .34 data transmission at 33.6Kbps. por 'S er The I"'''igem C""," M.ta eommu""""" 

• Plug and Play design. 16550 UART for improved performance 
• Speakerphone designed with Microphone Included. 
• Multiple Voice Mail Boxes for convenient & confidential access. 
• Fax on Demand Menu features ability for caller to choose requests. 
• Quick, Remote Fax Retrieval! Ability to signal an alphanumeric pager! 
• Full Duplex Speakerphone lets you talk and listen without interruptions. 
• Caller ID and Distinctive Ring so you'll always know whose calling . 
· 5 Year Limited Mfg Warranty: Factory Repair or Replacement 

SPORT-VI 33.6Kbps Internal Faxmodem with Voice Mail $179 
209 SPORT-VE 33.6Kbps External Faxmodem with Voice Mail 

working Products! 
10BASE-T/BNC Adapter Card features Plug 'N Play 110, interrupt and PROM 
address. NE2000/1EEE802.3 compliant with LED indicators for activity and link 
detection. Supports NOVELL, Microsoft, Artisoft, FTP and PC/NFS. Compatible 

16-Port IOBASET Concentrator 

BOC'" . Reliable 
.... • Compact 

1·"i,.-.i·"iI • Cost-effective! 
with all Bus systems, 1 OMbps transfer and is FCC certifie 
Configuration options: .", 

- Plug 'N Play Design --

Offers Sixteen 1 DBase T ports with RJ45 connectors, One BNC and One AUI port 
for cascading hubs or connection to existing backbone, has 21 LED indicators for 

-I/O 300h,320h,340h & 360h ADDTRON 
confirming status and operations. IEEE8D2.3 compliant. 

-lnterrupt2,3,4,5,10,12,15 ~.\\ BEN220 BOCAHUB-16 PLUS 10Base-T Concentrator 

AE-200-PNP-CE 10BaseT/BNCAdap. 
BEN210 BOCAHUB-8 1 OBase-T Concentrator 

AE-380PCI 32-Bit PCll OBase T Adap. 
AEF-350TX PCll0BaseT 10/100 Mbps Adap. 

Cat 5 & Coaxial Networking Bulk Cable 1-99' 100-999' 
$.10 
.30 
.10 

UTP16IL 16 Port 10BaseT Hub 
VDC5-4 Level 5, 4 Pair, Unshielded CL-2 PVC $.15 
VDC5-4P Level 5, 4 Pair, Plenum .45 

UTP85L 8 Port 10BaseT Hub RG58U RG-58U Coaxial Systems PVC Cable .15 

Iltl.r. I.. .111 •• 
MASTER VIEW allows one console to access six 
servers (CPUs). Supports VGA to Multisync, 
has built·in buffer, is Daisy Chainable, AutoScan 
or Manual selection (3-40 sec. scan interval), 
Pertect for computer room access to fileservers, 
C5-106 MasterView(ATOnly),1 t06 '279 
C5-104 AT/PS2 MasterView, 1 to 4 269 
C5-102 AT MasterView, 1 to 2 219 
C5-122 PS/2 MasterView (1 to 2) 219 
VIDEO SEPARATOR - Video Signal is enhanced 
for distance up to 210ft. (Daisy Chainable) 
V5-104 4tol $99 "'''-EN 
V5-108 8 to 1 159 .... 'I 
Parallel Line Extender 
PLE-loo 0825 Male to 0825 Male, 30' $43 
PLE-ll0 0825 Male to 36 P I 30' 43 

Premium Cable A~semblies fFull~ ShieldedJ 
Part# Description Each 
PPC301-6 Printer Cable DB25-36 Pin Centronics, 6ft. $2.99 
PPC1284-6 Bi-Directional EPP Printer Cables, 6 ft . 12.95 
25M'-6 DB25, 25 Line Cable M-M or M-F, 6 ft. 3.99 
HDI5MM-6 15 Pin High Density, Male to Male, 6 ft. 4.99 
5MM-6 5 Pin Din Male to Male, 6 ft. 2.99 
KEC-6 AT Keyboard Extension Cable, 6 ft. PPC301 -6 2.99 
PS2KEC-6 PS2 Keyboard Extension Cable, 6 ft. 3.39 
MEC-6 AT Monitor Extension Cable, (9M-9F) 6 ft. 2.99 
PS2MEC-6 PS2 Monitor Extension Cable, 6 ft. 3.39 
ATM-6 AT to Modem, 6 ft. (9S-25P) 2.99 
ACPC-02 PC power cable, 6 ft . 2.49 
ACPC-03 PC power adapter cable 2.29 
ACPC-04 Monitor power ext. cable, 6 ft. PPC1284-6 3.69 
SCSI-II 50-Pin Centronics (M) - 50-Pin Half Pitch 29.95 
SCSI-III-l SCSI-III, 18" Internal Cable 29.95 
NMA-' RS-232 Null Modem Adapter (25S-25P or 9S-9P) 2.99 
Gender Changers - Ultrathin 

10+ 
$2.54 
11.99 

3.51 
4.24 
2.54 
2.54 
2.99 
2.54 
2.99 
2.60 
2.24 
2.06 
3.32 

28.50 
28.50 
2.69 

TGC-25' 25-pin M-M or F-F ultrathin $2.99 $2.69 
TGC-9' 9-pin M-M or F-F ultrathin 2.69 2.42 
Category 510Base T Cables (Hi-Flex Gray, Red, Green, Blue, Black, Yellow) 
Part# Description Without Boot 1-9 10-49 50+ 

73-66- -7 7 ft. 4.80 4.36 4.00 

IOOMHz PENTIUM 
MOTHERBOARD 

PREMIO Quality. Pertormance & 
Reliability. Novell approved offering SiS 
chipset, AMI Plug 'n Play Flash BIOS. 
clock generator for fast speed changes 
and meets EPA Energy Star Standards. 
-256kB cache upgradeable to t Mb I 
-Four 72-pin SIMM sockets in'fe'd support EDO with up to 128Mb. inS' e 
-Built- In Controller support 4 IDE t. . 
drives (up to 16.6MBps transfer) P.!'fl !HI!! 

-Features 4 PCI Master & 4 ISA Slots 
-Integrated 110 features EPP/ECP bi-
directional parallel port, Two 16550 
UART Serial ports w/16 byte FIFO. LBA 
IDE drive support over 528Mb 

MBPEN-l00 PREMIO 
Pentium Motherboard 
100MHzCPU 
MBOX4P120A 486 DX4 "Green" 

73-66 -33ft. ~ I $3.82 $3.47 $3.18 

73-66_-15 15ft. I 6.92 6.29 5.77 \_ 
73-66_-25 25 ft. ..,. 9.56 8.69 7.97 
73-66_-50 50 ft . 15.20 13.82 12.67 

'liP Enjoy sharp color & clarity! \ 
- 28[j..jj",:·175Watts, 2 Outlets $97 14" SVGA Monitor features 1024x768 

67rtvA, 425Watts, DB9 Lan Port, 4 Outlets Z~'I resolution with 28mm aperature. Energy Stall 
280VA, 2 Outlets 99 compliant with One-Year Mfg. Warranty. 
675VA, 4 Outlets Z~O MON-08 14" 'Z59 

OMNIPR0450 ~0'J.§..280Watts , 40utlets AZO~ I:'ex~;: !~: I 
~ Ilul 

010BT RJ45 Ethernet, AS400/Sys3x 1111 rlc:ittiiiu~~iii[;jM~1 
Protector (Wires 1, 2, 3, 6) Z4 
OB25 Serial DB25, RS232 Protector 11342 IH-35 North 
(Pins 1-8, 20) ' Z~ San Antonio, TX 

SUPERS 8 outlet, 18,000 amp spike protect. , ~1 •• lllrl I Ellllrilill (210) 6371~~~; ~~:f~~~)e637-3264 
6' cord, 2 yr,warr, Z4 I -I ~ • San Antonio, TX 

IB6ULTRA 6 outlet, 3 filter banks, LEDs, VISA' ~ 1-800-531-5369 (210) 828-0503' FAX: (210) 340-2409 
6' cord, $25K Ult. Ins. 5Z 10705 Metric Blvd_' Austin, TX 
ISOTELULT6 6 outlet, 3 filter banks, LEDs, 1'1"1'111.1 FAX: 210-637-3264 http://www.altex.com (512) 832-9131' FAX: (512) 835-1328 

Hours 7:30am-6:30pm M-F. 9-5pm Sat. CST 15207 Midway Road· Dallas, TX 
$25K Ult. Ins, 6'1 CIIPlIIII, IlIlInllllll • CllIUlnl Pli IIlCIII. In II 11111 111111111 IPII "PlIIII (972) 386-8882' FAX: (972) 386-9182 
CCl6-P Command Console, 6 outlets, TERMS: For C.O.D. orders add $5 per package. Minimum $25. Cash or Cashiers Check on~. For orders under $99 add $3 handling 2650 S.P.I.D. 
F xlM d 

. $10K UI I 69 charge. All shipping is FOB San Antonio, Texas and will be added to your invoice. Texas residents add 7-314% sales tax. All returns Corpus Christi, TX 
a 0 em protection. , t. ns. require RMA# and must be relumed in original cond~ion. A 15% restocking lee';l1 be assessed on product retumed in ""n·resa~ab~ (512) 814-8882' FAX: (512) 814-8812 

condition. Prices subject to change without notice. We are not responsible for typographical errors. 



1i'ansfers data 3 
Umes {astel' than 
olhN porlHblus. 

It's a clear-cut victory for the backpack 80001, the fastest tape 

backup system in the field. It has a big 8GB capacity, and 

it's portable. This powerful drive transfers data at up to 

30MB per minute. That's 3 times faster 

than you'll find elsewhere. Using a single 

Travan TR-4 tape, backup your large 

hard drives in record time. But that's not all. Installation 

is a breeze. Plug the backpack 8000t into your printer 
Plllgs into ilny standard 
Win tel' port. 8/Ja/'C data 
beL ween portablcs. 

port and your printer into the backpack. There are no 

SoaA,'; lip t.wice 
[18 mucli dfltB a8 
a 'f'R-:J drive. 

expensive card options to deal with . cic8ktoP8 and laptops. 

Then unplug and take it with you to backup data on 

other pes. The backpack 8000t gives great performance 

at a price well under external DAT drives. 

Now that's what you call a winner! 

Available through computer dealers, computer superstores, and mail order catalogs. Travan is a trademark of 3M 
Circle 243 on Inquiry Card (RESELLERS: 244). 

~' 
Mir:ro50Iution§ 
The port-ability leader. 
Ph: 800-295-1214 (US and Canada) 
or 815-756-3411. Fax: 815-756-2928 
Internet: www.micro-solutions.com 



Circle 262 on Inquiry Card (RESELLERS: 263). 
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Switch 
without Risk! 

.-
.-

System Commander makes it safe 
and easy to add as many OSes to your 
PC as you want! 
Easy Automatic Installation 
• Prepares your PC for new OSes in 

minutes 
• Simply select the OS you want and 

System Commander does the rest 
• To use another OS simply reboot 

and make another selection 
Money-Saving Flexibility 
• Minimize hardware expenses by 

putting up to 100 OSes on one PC 
·Use any combination of hard drives 

.- .-

• Use any Intel compatible OS or 
combi nation of OSes, in English or 
any other language 

System Commander is only $99.95 and 
comes with an unconditional 60 day 
money back guarantee. Get Free 
overnight shipping when you mention 
this ad. 'Order it now and have it on your 
desk tomorrow morning! 

"System Commander is a 
blooming miracle" 
Jerry Pournelle- BYTE 

-
I1j :~~rE 
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COMMANDER' 
Free 

overnight shipping* 
when you mention this ad. 

800-648-8266 
www.v-com.com 

V Communications, Inc. 
4320 Stevens Creek Blvd, #120·4BYT 

San Jose, CA 95129 
408.296.4224 fax 408.296.4441 

• When ordered before noon PST. No Saturday delivery. Siandard shipping outside US. CA res. add $7.25 sales tax. Offer 
subject to change without notice. All lagos and product names are trademarks of their respective companies. VISAlMC/Amex ©1996 

Windows v3.x DOS/v Windows 95J Warp MS-DOS Linux Merlin 

Call today for free catalog 

• Data switches 
• Keyboardlvideo control 

800-333-9343 

P.O. Box 742571 • HOUSTON, TEXAS 77274 
TEL 713/933-7673. FAX 713/933-0044 

with a Rose keyboard monitor switch 
Streamline your computer room by reducing excess equipment. 
Access up to 256 CPU's from a single keyboard, monitor, and mouse. 
ServeView is our best-selling switch, has every feature you can imag
ine, and installs in minutes. Compare price, features, performance, 
quality, and support and you'll find Rose can't be beat. Call us to 
discuss your application or to receive your free information kit. 

Come See Us at 
Fall COMDEX, Nov. 18·22 
Las Vegas, NV Booth #54424 and 
Comdex Hlspano America, Dec. 4·6 
Miami, FL Booth #C323 
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Access any PC attached to the 
AutoBoot Commander 4xP or 

lxP via telephone lines! 
• Works with any IBM PC/AT or 100% 

compatible computer 

• Built-in support for both text and VGA 
graphics viewing modes 

• Full remote key
board control 
allows you to 
control any 
attached PC 
as if you were 
actually there 

• Perfect for offsite 
trou bleshooti ng! 
Change the CMOS 
setup, reboot, or even 
cold-boot any attached PC 

• Won't interfere with running 
applications or network software 

• Upload or download files to any attached 
PC; transfer files or upgrade the software 
on any computer 

K ~V·lewTM eyca l 

Cybex Computer Products Corporation 

COME SEE US AT 
COMDEX/Fall '96 in Las Vegas NV 

Nov. 18-22 at Booth #L4254 

4912 Research Drive Huntsville, AL 35805 USA 
(205) 430-4000 (205) 430-4030 fax 
http://www.cybex.com/ 

Company 

Cybex, Commander, AutoBoot, 4xP, and 1 xP are trademarks of Cybex Computer Products Corporation . IBM, PC, and PC/AT are reg istered trademarks of International 
Business Machines Corporation. Key-View is a trademark of Fox Network Systems, Inc. The Inc. 500 logo is a reg istered trademark of Goldh irsh Group, Inc. 
Dealer Program Available Made in USA 

Circle 237 on Inquiry Card (RESELLERS: 238). 



Play CD-ROM pJ'Ograms. 
au(Jio CDs. 01' lise a PD 
cartl'idge for addiUonal 
on-line stomge. 

Sure, you need to add function to your computer, 
but you don't need all those machines cluttering up 
your desk. The backpack pd/cd is a 3-in-l mass storage 
solution that gives you a CD player and a removable 
cartridge storage drive. Backs up your 
hard drive, too. 

Now, just in case you're not up on 
PDs (optical Phase Disks), they're a new 

kind of media you can read,write on,erase and remove an 
unlimited number of times . PDs look a lot like CDs, cost less 

Standal'd 650l\!/B 
opUcal disks call 
lJe el'ased. Use 
over and ove/~ 

Pack yOIlI' tiles and 
tole them fmm PC to 
PC. Plugs into any 
IBM-compatible 
notebook 01' desktop. 

than magnetic cartridges, and can store 
650MB. Also, they can't be accidentally 
erased by magnetic fields. 

Another good thing is the easy installation . Plug the 
backpack pd/cd into your printer port and your printer 
into the backpack. That's it. Save your precious few 
expansion slots for something else. 

And pest of all, the backpack pd/cd is half the price 
of those other solutions! 

Ava ilable through computer dealers, computer superstores, and mail order catalogs. 
Sea gate Software is a trademark of Sea gate Technology, Inc. 

Circle 245 on Inquiry Card (RESELLERS: 246). 

~® 
pd/cd 

Mic:ro50Iution§ 
The port-abWty leader. 
Ph: 800-295-12 14 (US and Canada) 
or 815-756-341 1. Fax: 815-756-2928 
Internet: www.micro-solutions.com 



ThinkPad Notebooks 
Thinkpad 560 Series 

~~~ . _5~~ . _ ~~~ ~!~~ !!§~~.!9~ ~:.:.: :.:...;.: JC~!!..l r:::::!g~~~~~~~~~~~~g;;;;~::!, 
~~~ . _5~~._ ~~~ ~!~~ !!§~N_ . !9~~:.:.::.:...;. : Jc~!!..l r Printers 
~~~. _5~~ . _ ~~~ ~!~~ !!§~~ . !9~ ~:.:.: : .:...;. : Jc~!!" HP DESKJET 340 . . . . ..... . ... . . . $295 
Th O k d 365 S 0 HP DESKJET 600/660C . ... . ..• $289/392 

In pa erles HP DESKJET 850C/1600C . • ••• • $495/call 

~~~ J~5.X.!!.. . Ji~1!!Q ~!!!~~ ~~~!!:~ ~~I!.:.: .... ~ .. :: .F?~.J! HP LASERJET 5U5P . . .. . .... . $485/call 
HP LASERJET 4+/4M+ . .... • . $1340/1845 

~~~ . ~5.X.!!.. . Ji~1~ ~!!:.O.8!B.~~.!1 :3..!!~T!!.: .. ...:.:: .F~~ .. O!!... HP LASER 4V/4MV . . ....... . . $1840/call 

~~~. ~5.X.!!... Ji~~ ~!!:.O.8!B.~~ ~:4lC.T~ ... ...:.:: .F~!.p~ ~: ~~:~~~~~;~~~X· ............... .... ~~~I~~:~ 
~~~.~5.E_.Ji~!!Q~~~~!~.O~~~9?~ ... ...:.: : ..u~~ .. 3!. HP LASERJET 4+ • • ••• •••• • ••••• $1045 
~~~ . ~5.E!!.. . Ji~!!Q ~~~~ ~~~!!:~ ~~I!.:: .. ...:.: : .F~~.~!.. HP LASERJET 5/5M . . . . ...•. $1265/1699 

COMPUTERS Thinkpad 760 Series 
~~~ ?~E.O_. ~3~ ~~BE~ E:~ ~T.l~~!!!! ~~ : :..:. .. :.~: . -1c~!!.. ~J=6~rO~!1~~S~Jo:.r;o~~ • • $stock 
~~~?~E. _.~2~~~.!J~~~ gX~~~~c.D~ ... ...:.: :~~~.J~ xu 6/150 16/2GBscsl+CO+Matrox •••• $stock 

~~~ ?~E.L!!... ~o~ ~~ ~ !'1!.H.D E~D.E:l~ : .. :: .. ...:.:: ~~~ .. 8!. 

~~~ ?~E.L _ . ~2~ ~~ ~~~~ !!.:~ ~~ .!9~ :.:.: .. ...:.: : ~?~ .. 3!. 

~~~ ?~E.L_ . ~o~ ~~ ~~~~ !!.:~ ~T~ .!9~ : .. :: ..... :.: : ~~~ .. 9! 

xu 6/200 16/1GBscsl+CO+Matrox • • •• $stock 
xu 6/200 3212GBscsl+CO+Matrox • •• • $stock 

built in Network card, Windows NT pre/oaded 

HP NETSERVER 
Netserver lC PI10011331166 32I1gb+CD .• • $call 
Netserver lC PI1331166 3211gb+CD . • . .. $call 
Netserver lH PI1331166 32mb,no disk. Array • • $call 
Netserver lH PI1331166 32mb,no disk .. .. $call 

==================! Netserver lH PI1331166 64mb,4.2gb, Array . $call 
*'* call for all other Netserver configuration *"f 
HP VECTRA 500 COMPUTERS 
515MCX 511331611 .6 GB +Cd.sound+jlhon. $stock 

answBrlna+headphones 
515MCX 511661611.6 GB .ed+SOund.phon. $stock 

answerlng+headphones 

Authorized Dealer & Service Center 
, COMPAQ, IBM, TOSHIBA, HEWLETI PACKARD 

SpeciolA tlte MOM' 
Matrox Millenium 2mb WRAM . .. $189.00 Kodak DC 40 Digital Camera .. . . $523.00 Window NT Workstation 4.0 . . . . $278.00 

Matrox Millenium 4mb WRAM .. $250.00 Kodak DC 50 Digital Camera . . . . $859.00 Mag 15" SVGA Color Monitor . . . $345.00 

Matrox Millenium 
MPEG Capture card .. ... ...... $call 

Creative Lab 

Microtek Scanmaker E6 scanner .$549.00 

Seiko Smart Business Card Reader .. $call 

NEC XV+ 17" svga monitor . . .. . $782.00 

Adaptec 2940 PCI SCSI .. . . .. . . .. $call 

Recordable CD .. R 4210 . · . . $599.00 Sportster 33.3 Fax/Modem Voice .$169.00 PCMCIA 28.8 Megahertz ... . .. . $234.00 

Panasonic 6X portable 
CD .. ROM drive .. 

. . . $119.00 Sportster 33.3 win modem . . . . . $119.00 PCMCIA Xircom 2.8 fax modem .$219.00 

· . . $325.00 

· .. $259.00 

...... $1 15.00 

. . ... $379.00 

Zip Drive 100 MB 

Jaz 1 GB drive .. . . . 

....... $195.00 Black computer ca&e (;
Monitor& 

.. . . . . . $365.00 

Tapestor 8GB internal SCSI Drive .$355.00 

Pentium Motherboard 

14" 1024x768.28ni . . . • . ... . . $281.00 

15"1024x768.28ni . . . . .. . . . . $399.00 

512k pipline cache . . .. . . $139.00 Mini Tower Case 250W 5 bays . .. $99.00 

Mid Tower Case 250W 6 bays . . . $149.00 
~===~======: Epson Style 500 color printer ... $369.00 

ZEBRA S .. 500 Ami Pentium Pro 

Stripe barcode PR SER .... . $1175.00 Merlin motherboard . . . . . . $640.00 
Mouse Serial . ... ...... . .. .... $25.00 

ZEBRA S .. 300 Intel Pentium Pro 

Also carry Toshiba 
Refurbished Models * Call for Price * Stripe barcode PR SER .. $899.00 Venice motherboard . .. . . . .. $345.00 Keyboard 101 Enhanced . .. .. . . . $49.00 

Computeriane Inc. 
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Academic Software 
Microsoft Academic Partner 

Microsoft Office Professional 
for windows 95 (with bookshelf) 

$165 
MS WINDOWS NT WORKSTATION •.• $125 
MS windows NT Server • .• . ••• • .$399.00 
Ms Backolfice . .• •• .• •• •.• .. . $1174.00 
Ms SQl Server •. . . • . . . .. . . •. • . $799.00 
call for other Microsoft Academic Prices 



Produc;ts highlighted in yellow offer 
spec;lal prlci"g for BYTE readers only! 
Take advantage of these outstanding 

values b.y mentfonlng VIP NB6 when you 
c;all today to lllac,e your order. 

Embedded 486 CPU Card for 

Panel PC Based System 
For use with 
the passive 
back plane 
(P/N 133250) 
in industrial 
panel 
systems that 
use heavy 
duty chassis 
casing , 
• Award BIOS 
• Compatible with i 168-pin PGA socket 

CPUs: 486SXlDXlDX2/DX4/5x86 (not included) 
133241 Embedded CPU card ...... .............. $299.95 

Power Leap Upgrade Adapter 
For 486SX/OX/OX2 to 586-100/120 

• Supports 5V 486 
motherboards only 

• 586-XXX chip 
not included 

• Supports 64-bit 
X86 compatible 
processor with 16KB write-back cache 

• 100 and 120MHz core speeds with 33, 40 and 
50MHz bus options (BIOS written before 1995, 
will only work with AMD CPUs) 

• Includes manual and 3.5' utility/test disk 
131941 Upgrade adapter for 586 CPU ........ $49.95 

PCMCIA Type II Combo 

BNC/UTP Et hernet Card 

compatible 
PC with 
386SX, 
one type II 
PCMCIA 

",. \~4 , CIi", 
socket, BNC/UTP Ethernet connectivity, PCMCIA 
release 2.1 compliant card services 

• 1 OM bps speed in 1 OBaseT and 1 OBase2 format 
132581 PCMCIA network card ...... ...... ... .... . $99.95 

Jameco Printer Card 

• 286/386/486 & Pentium" systems (16-bit 
• Supports ECP/EPP/SPP 
• Select from IRQs: 3, 4, 5, 7, 9, 10, 11, 12, 15 
• Address selectable to LPT1-LPT6 
• Print mode jumper selectable 
132214 2-port printer card ...... ........ ...... .. .. . $39.95 

Jameco High-Speed 

Serial Card 
4 Serial Ports 

• PCIXT/AT and compatibles 
• Four serial 

ports; two 
each 
DB9M and 
DB 25M 

• High-speed 
16C550 
UARTs with 

.. 16byteFIFO 
• IRQs: 3, 4, 5, 7, 9, 10, 11, 12, 15 
• Includes cables and instruction sheet 
132572 4-port hi-speed serial card .... ...... .. $49.95 

Dynamic RAM 
SIMMs 

Part NO.Product No. Description Price 
53701 94000S-70 4MB x 9 70ns ... $59.95 
53719 94000S-80 4MB x 9 80ns ...... 54.95 
75117 P361000-xx-7 1 MB x 36 (4MB) .... 54.95 
75096 P362000-xx-6 2MB x 36 (8MB) .... 99.95 
75168 P364000-xx-7 4MB x 36 (16MB)159.95 
41515 41256A9B-70 256KB x 9 70ns .. .. ... . 9.95 
41769 421000A9B-80 1 MB x 9 80ns .... .. 20.95 

X Y.!'I..!i 17" SVGA "Green" 

Color Monito~ 
• PCIXT/AT, 386, 486, Pentium" \ ' , . • :~ .. 

and compatible .... .. ---
computers 

• 0.28mm dot pitch 
• 20 controlled 

presets for optimal 
operation 

• Push-button 
degaussing 
eliminates 
spurious magnetism 

~. 

• Green monitor power management 
133786 17" SVGA monitor. ... ... ... .... ...... .... $749.95 

Win '95104-Key Keyboard wI 
Trackball and Palm Rest 

• Ergonomic design • Removable palm rest 
• Dual connectors: keyboard 5-pin DIN, 

and trackball 9-pin serial connection 
on one coiled cable 

133760 Win '95 trackball keyboard .... .. ... $49.95 

!~f.'1 89-Key Adjustable 

Keyboard 

• PSI AT style 
• Adjustable keyboard with standard 

QWERTY layout 
• Left and right set of cursor-movement keys 
• Erase-ease feature 
132978 IBM 89-key adjustable keyboard .. $44.95 

Q"mDNix. Sheet Feeding 

Scanner 

" 

256 true gray scale - full width 
- WindowS' '95 compatible! 

~seagate 
Performance 

SCSI Hard 

Drive Solutions 

Hawk 
• Average seek, read/write: 9/10.5msec 
• 3.5" low profile • One-year warranty 
130542 Fast SCSI-Ii, 1.05GB ... 

Barracuda 2LP 
• Average seek, read/write: 8/9msec 
• 3.5' low profile • One-year warranty 
130577 Fast SCSI-Ii, 2.1GB ..................... $849.95 

Barracuda 
• Average seek, read/write: 8/9msec 
• 1024KB multisegmented cache buffer 
• 3.5' low profile • One-year warranty 
130593 Fast & fast wide SCSI-II, 4.2GB 

Floppy Disk 

Drives 
• PCIXT/AT compatible 
118957 Panasonic 1.2 MB 5.25' ..... ... .... ... . $39.95 
118922 Panasonic 1.44 MB 3.5' .. .......... ... ... 49.95 
74392 Teac 3.5"/5.25' combo .. ................ . 119.95 

NEe 4X IDE CD-ROM Drive 

with 4-Disc Changer 
• Use with enhanced 

IDE interface 
(P/N 127386) 

• 600KB/sec. data 
transfer rate, 
150KB audio 

• Selection button for each drive with indicator 
• Cables not included 
133508 4X 4-disc DC-ROM drive .. .. .. ... ... . $149.95 

6X Enhanced IDE CD-ROM Drive 
• Requires enhanced IDE 

controller card 
• SoundBlaster 

compatible 
• 195ms access; 

229ms seek time 
• 256KB buffer memory 
• 900KB/second transfer rate 
• Power tray loading • Windows" '95 compatible 
• Also plays video, photo and audio COs 
133031 6X IDE CD-ROM drive .. .. .. .. .... .. .. .... $79.95 

Alpec Laser Pointer Pen 
• 200 yard range 
• 670nm red 

laser 

.. Class ilia Laser Product ~ 

IWl • Heavy duty 
silver brass 

• Power 
requirements: 
2 AM batteries (included) 

127749 Laser painter - pen ........ $59.95 

Optical Laser Mouse 
• 800 dpi x 800 dpi in gray mode Three modes of 
.• Minimum system requirements: IBM PC or operation that are 

compatible-386, DOS 3.3, Windows' 3.XX, 4MB selected from a 
RAM, 5MB hard drive space, one 16-bit ISA slot combination of 

• Includes software and manuals: Twain, Prestoi, clicking which 
wordlinx and Image Prolmage Plus facilitates mouse 

133233 Paper feed gray scanner.. .. ....... $149.95 mode, sketch 
Microsoft® K] mode for 1 to 1 preciSion, and joystick mode. 

• For 486 and Pentium" PCs 
2-Button Mouse , ' . ... ' . Use with optical mouse pad (included) 
• Serial mouse \. .' • High resolution: 450 dpi 
• PCIXT/ATl386/486/ "0 ' Auto detection of direction without mechanical ball 

PS/2 and compatibles ." • • Automatic double cl ick function-side button 
• Includes Microsoft" setup ,,', clicking' Compatible with Microsoft" mouse 

diskette and manual and Windows· 95 
111860 2-button serial mouse... . ........ $39.95 133284 Laser Mouse w/ optical pad ......... $39.95 

J AMECO® 1355 Shoreway Road Call for your FREE catalog! 

ELECTRONIC COMPONENTS Belmont, CA 94002-4100 
COMPUTER PRODUCTS FAX: 1-800-237-6948 (Domestic) 

© 1996 Jameco 11/96 FAX: 415-592-2503 (International) 
Ordering Hours: E-mail: inlo@jameco.com 

5:30am - 5:30pm PST http://www.jameco.com :me. ~. ~ 

• 1 MB expandable to 2MB 
• Non-interlaced resolution and Zero-Flicker™ 

refresh rates provide you with exceptional 
versati lity and display clarity 

• VESA-compl iant 28-pin feature connector for 
multimedia applications 

• Fu ll VESA and VGA selectable modes 
132935 VESA graphics card ...................... $99.95 

SPECOM VideO- _ 
conferencing Card \~-~~.~ 

With 
Pro Software 

• 33,600 bps data 
modem, 14,400/9600 
fax modem 

• Fully compatible with 
ITU-T V.42, V.42bis 
V.34, V.32bis, V32, 
V.22bis, V.21-23, MNP 2·5 and as 
a fax/modem communicates with 
all ITU-T group 3 fax machines 

129672 Internal 33.6 fax/modem .... .... ... .. $139.95 

I~i I ffi~~;~i!:~hn~<ca~~~ide 
great tool for beginners and , 
experienced modem users f 
~~d~~~~~e;o~~~~a~s C~ff ! 
with a modem primer, then I 
gives you set-up information, 
hardware configuration 
settings and diagrams for many of the most 
popular modem models on the market. 
133794 Modem Technical Guide :: ............ .. $49.95 

Switchbox for 4 Monitors 
This un it allows 
you to duplicate 
a video signal 
from one 
sou rce to 4 
monitors up 
to 210 feet. . 
Perfect for broadcast systems, conventions, 
schools and multiple display uses I 
• Suitable for SVGA,VGA and multisync monitors 
• Daisy chainable 
• Power-save mode when computer is 

off, indicated by flashing power LED 
• D815 female connectors on box 
• Slide switch for video signal gain control 
• Includes power adapter 9VDC @ 130mA 
133866 Switchbox for 4 monitors .. .. ......... $79.95 

5L WlBES" Surge Protectors 
• 330V clamping voltage f\01ji 
• EMIIRFI noise reduction \::!,J \:S 
• Audible alarm • 3·line protection 

SurgeSentry 6 Outlet 
• Ultimate 3-stage protection 
• No limit connected equipment 

manufacturer guarantee 
• 62,525 amp spike 

suppression; 880 joules 
133090 6-outlet, suppress 62,525 amp ...... $29.95 

OataGard 7 Outlet 



MEMORY UPGRADES 
11m-• " eo • .. 

. . -
• DISCOUNT PRICES 
• HUGE SELECTION 
• OVERNIGHT DEUVERY 

• FREE SUPPORT FOR FSI CUSTOMERS • CORPORATE PO'S WELCOME 
• SATISFACTION GUARANTEED • GOVERNMENT & 
• NO SURCHARGE ON CREDIT CARDS EDUCATIONAL PRICING 

Always your best buy on the widest selection of memory upgrades! 
DESKTOP COMPUTER MEMORY 

COMPAQ 
Pmario.m, 433,633,650,6dJ, 8C((, m, 800S, 833,850, 866 
Proli:oecMT4/33s,MT4/!lJ,MT4/66,4.f15"A/J3,A/SiJ,4/66,4/33I, 
etftonced4.jl00 . .c/331, 4/YJ,4/'!IJI,4/66,Nell/25s,Netl/lJ. 

4MB 141684001 ......... $37 IlM& 14168S00L. ...... S71 
16MB 149320001... .,$127 32MB 14910.(01. ... S241 

Ptemo 510,520, 5U, 526,528,no, n4,7.44,m., 860, 920, 924, 9:S4 
4MB 10522.001 ......... $31 8MB 1.(7523001..._ ....... $56 
16MB lA7S2«Xll ........ $1 14 32MB 147525001 ...... ,$220 
lMaV!deo 171017.001 ... . ........ _ .... , .. $49 

Pteoono'm,97J.,978,982,992, 5526.S528,SS36,9536, 9546, 
95.48, 9~, I'rolinIa 4100, 466, 512OMX, 575MX,59OM\ 5100, 
513J,Sl20,SIOO,S7S, S90,ProUneo 4SO,5100e,SI2Ot,575e, 
61SOe. 618Ot,DN:pro4100,4S0 . .f66,575MX. S9(W.X.Sl00,S120, 
5133, 575,590 
~ 172712001 ......... $31 8MB ln71300L ....... $56 
16.W1 17271.4(.,1 ...... $11 4 32MB 17271SOO1 .... $2.20 
lM8Vodeo 171017.0()] .... .. ......................................... $49 
2S6«:Coc!w 223557001 ................................. $49 

PrelOl"io 7212,7222,7232,7234,7240 
8MB 23654SOO1,236512001 ............... ....... $62 
16MB 23654SOO2, 236513-001 ............... $108 
32MB n/o.... .. ,,$228 UM8 n/o ............ ....... $456 
1MB V'deo 236709001 . ..... ...... .. ................ . . . $49 

PreIOrio9232,9234,9240, 9250, 9642,9fH) 
8MS 234567001 ....... . $62 16MB 23A566001 ....... $108 
32MB n/a ................... $228 64MB n/a .................. $456 
llJaV'deo 213922001... . ....... $49 

ProlNa 51332OCXJ/M.,51502OCXJ/M.,51662OC1J/til,mlO 
840/1200, 5120 1200,51331200/2OC1J,515O 1200/2000,5166 
1200,0eY.pr051332fX1J/til,5I502WJ/til,,SI662OCXJ/Nt,,SI00 
840/1200,51201200,51331200/200), 51661200/1000, 575840 

8MP. 243011001 ....... _.$62 16MB 243012001 .. _._ .. $108 
3M 2.3013001 ..... _.$228 64MB 24301.001 ....... $456 
1MB vdeo 171017001 _ ... _ ... __ .. _ ... _ .... _ ........ _._._ .. $49 

2tJl;V,,*, 223335001 ................................ $139 
waV,,*, 223336-001 _ ....... __ ................ _ .............. $369 

DeskproXE5lIO,,S/06M,,s/tJ:M. 
16MB lm49001 ........ $148 32MB 149912001 ._._ ... $284 
64MB 149913001 ...... $508 128MB 149914001 ........ $981 
IMBY,,*, 139167001 ......................... $49 

OeY.proXl. 450, 466,S60. 566,,SI00.,SI20,,S JJJ,,S7's,'s90 
8MB 148188001 .......... $74 16MB 148189-001 .... $142 
32M6 148190001 .... $254 64MB 148191001. .$494 
1MBV'KIeo 139167001 ... . ........ .. $49 

DeIlproXl.615010so;CDS, 21001f'O.X1.620021oo/PD 
16MB 21094SOOL. .... $481 32MB 228417001 ...... $375 
64MB 228A1SOOI ......... .................................. $851 
2M8Y!dea 223335001 ............................. ... .. ...... $139 
6M6Y"" 223336001 ...................................... $369 

De$lpraXE 4100. 43JI. 450,-466 
4MB 141684001.. ........ $45 &WI 141685001. .• $82 
11.18 Y!dto 139167001 .............. .. ... .............. $49 
2S6«:Cache 1943S8001, 194358-002 .... _ ....... $49 

De!1pr03/25i,3/33i, 386/25M, 3U/33M, 4/25iS,4/J3I, 4/6Q, 
4U/J3M,4U/5OM, A86/66M.486!/16M,486!/25M,.AMI/33M 
.w4I 118690001 ... _._ .. $45 8MB 128877001 ............ $82 
512KVodea ...................... $39 
1MBY'" 

AlcMtia~&81il'lMadeiI 
-4M8 501488001. $79 8MB 5014S8002 ........ $114 
161.18 50148800J. .................................................. $209 

Alcentia~&9IONMadelI 
4MB 501392.()()1 , ....... $69 8MS 501392-002 .... $109 
16MB 50139200L. . $191 

As«rltia9~MadelI 
8MB 501728002 ..... $104 16MB 50172SOO3 ....... $189 

AlcentiaJModeb 
8MB 50198A001 $87 16MB 501985001 $159 
32MB 501986001 ........ ................................................... $309 

AlcDa PModeb 
8MB 501013001 ...... $102 16M6 50101J..002 ........ $269 
32MB SOI013003 ................ ........................................ _ CALL 

COMPAQ 
c-. ........ 

4MB 190532001 ........ $59 8MB 190597-OOL.._ ..... $99 
161oV1 190591001... ........ _ ...... _ ...... _ ............ _ ... $219 

Carua 4/25, '/2scx,./25cMod.h 
4MB 1~2000I... ...... $53 8MB 1.46521001 $111 
16MB 1146531001 . • ............................. _._ ...... _ ...... $151 

CaniuroAOO,410,420,A3OMacIek 
4M8 147653001 .•• _ .... $50 8MB 147655001 .. _ .. _.$111 
16M6 1A7657'()()1 .......................................................... $199 

Concem4/25.4/l3Mac1ek 
4MB 1«790001 ...... $55 8MB lW90002 ........ $I09 
16MB 1.4790003 .......................................................... $219 

m:: Elile 486Made1I 
4MB 199013001 , ...... $55 8MB 19901.5-001 .. .... $109 
16MB 199017-OOL..... ...$174 

fli ll! Pen/il'lT!5O(X)MacIeI! 
8MB 2135 15001. ...... $83 16MB 213515002 ....... $163 
32MB 2135 1500L" .. $346 64MB 21351SOO4 .... $624 

P.-De.bop'86Modeb 
-4M8 310-2507 ............ $37 16MB 310-2625 ............ $127 

Powerfdge XE, ~l, Dimemia!I XPS, Cl.nif'\u NE.'86 & Pmmance 
M/Ift ..... 

4MB 3103325 .............. $31 8MB 310-6083--••. _ ....... $56 
161oV1 3103327 .. _ ...... _$114 32MB 11/0 ............ _ ...... _.$2'20 

1'erIor_1J( QnnPIp PerU.vi, 0pIifIex DGX, row.Edge 

~""" ...... 
&WI 310-333L .. ~ ....... $64 16MB 310-3336 ............ $128 
32.1Ja 310-3337 ... _ .... ...$260 64MB II/a ......... $-462 

~~SE&DE~ 
8MB 310-2468 ............ $74 16MB 310-2469 ........... $142 
32.1Ja 310-2630 ........ $254 

DrnenIianXPS&OpIfIu"1J./'f.HllMTPenIi ..... oYtaO.h 
8MB 310-2647 .... $64 16MB 310-337 ... ......... $128 

32MB 310-3J75 . .... . $260 64MS 310-3368 .. ...... $-462 

NEe 
Pawe!Mate&haciy486Mac1e1! 
.MB 158-082232-000 ... $37 16i.\B 1ss.082222-ooo ... $117 

Powe!Mofe4860/MModtk 
.MB 0'-1104003 ......... $31 BM8 0I'-I10..\OOL ...... $56 
16MB 0'..\\0400.5 ....... $114 32MB 0'..\10..\006 ....... $220 

0"4111"1':':') 
"YOII·"'lOfa/rittt4;..dttlJoui.oltu,·· 

I'5Series&F~PC'SSeriMMod.h 
I.Mr" II/a ................. _ .... 529 5MB- 11/0 .... _ 

~a! 
BrQ¥OlC&;KJPetlliulnMxleh 

81M"'" 50300e001 .... .. . $61 ltNr503008002 ........ $108 

32Ml""5OJOO8OOJ ..... $n8 64M8...., 503CX)6.(XU ...... $456 

I¥'onhanooV&GModebPretnmia'jJJ.'jJJl, 4/SOd, 4/66d,Mrt: 

4/33,4/66d,P/fIJ.SE4/33,Sf'/66d,SEP/fIJ 

81M 501159.{)()2 ....... $74 16MB 501159003 ........ $141 

32MB 501 159.()().4 ........ $254 64MB 501159'()()S ....... $494 

Br<MILP, MT. lC III & lC ~IQ. P!emmia MX & lX & hNoolagel MacIel! 

4MB 500967-002 ..... S31 8MB 50098700L ......... $62 

16MB 500987.()().4 ........ $114 32MB 500987005 ........ $228 

&o.o'jJJ~4/2S,"'-Un,TE.PremUn I. 

AMP. 500780004 ........ $67 8M8 500780001 .......... $9'2 

16iJr 11/0 ................ $104 32MB""''''''." .......... _ •• ~liijiiiiiiiiiiiiiiij 

1 X 3-70ns Non-parity 
1 X 32-7u 1 x3HO 

Aptivolalmoc!elsl&PC300Madel3JO/350 
4MB 9207539 ............. -"1 BM8 9207541 ............. .... 
16MB 92075.3 ........ .. 114 32Nl 92075-45 ............. 210 
IIJaYodea 92G7t.43 ..... , ...... ... , ................... .... 
2S6«:u.:t.. 92G7251 ........... ..,., 

VaM/'oinI638A/W2/w:l/648A/6492/6A9'/6381 SI Madeh 
4MB 92G3131._ ........... 8MB 92G0130 ............... .tn 
lMJa 92G0161L _ ...• 127 32Nl 92G0320 ...... .... ... 
~638A.PS/I~MJdek 

4MB 96F9290 ....... _ ...... $SI IMJa 96F9291... .. __ ._ ... 14f 

rs~6382/638A/6387,PS/1 

Mioot/Cs:ItlsJltod.~/W'-/'nvesb1o'OOeh 

4MB 6AS0128 ................ BM8 6A50130 ............ .tn 
16MB 9207204 .... .. . '127 

PC 700 Madel 7SO/6887. Madel 730/6877 
8MB 9207318 ............ . $62 16MB 920732Q ............. 1. 
32MB 9207322 . ......... 221 64MB 92G732A ......... ..... 

PC700Model750/6885/68B6,Madel730/6875/6876 
4MB 7303131. , .• 8MB 6450130 " .......... $71 
IlMB 9207204 ... . '127 32MB 9207205 ....... " ... 

'i'Sj125/286,30/2B6,35SX,1lS,oIOsx, 50Z.5'sSX,IlS,6.5SX,1lS,70. 
BO,9OXP.9SXf 
2MB 3<f's360,64S06CI4,6450608,645OJ79 ... $11 
4MB 34f2933,87F9977.6451060 .................... . 
&WI 6A50129... , ...................... ." 

.......... ~"PS/2",... 
416Mh/~ 6450609 .. __ 

(Mip/IMB) .... .... .. 110 (4MB) ......................... 122 (4MB) ........................ .128 (4MB) ......................... 124 

S~chronou5 
DRAM 
168-PIN 

1MI .. . ... ... s95 1 x 9-70ns 2x 32-10 2 x 36-70 7 X 37-60 
(1MB) ..... .117 
4 x 3-70ns 

(BMB) ......................... 142 (BMB) ..... ....... ... .156 (BMB) ......................... 147 
16MB .............. m •• ••••• • 

1155 4 x 36-70 4x3HO 
(~4MB) .............. S27 

4 X 32-70 
116MB) ... . . . 190 
8x32-70 

(1 6MB) ................... 1105 (16MB) .................... 199 32MJ .... . ~382 
4 x 9-70ns 
(4MB) 

Pawer8ook520&540MadtlI 
8MB MI913LVA .... $109 16MB nJo .................... $2'29 

P<lWe!8aolS3ooModels 
8MB M375Oll/A ...... $102 16MB n/o ............. $199 
24MB n/o . .. .. $269 321.'£ n/o", .$349 

4MB 31O.J385 ......... S69 IlMB 310-3386 ........... $219 
laIIIude433tn/rac.AYJw./1lIO.,47s.c,LX4100/'75MacW! 

AMI! 310.J416. __ .... __ .$89 8MB 11/0 ... _ ........... _ .... $139 
16i.\B 310-3417 ............................ _ ..... $239 

laIiuIeXf,!J)/A75/'100,XPi~""'~ 

AMB 31O.JA2L. ..... _ .... $59 &WI 310-3A3L_ ......... $89 
16MB 310-3A22 .... _. __ .. _ ... _._ .. _ ...... _. __ ._._._ ........... _.$162 

mamaoma '-
Hi/'bIe'86Moc1eh 

4MB fRKP7MM ....... $59 8M8 fR-PCt7M-A8 ........ $89 
16M6 FR-ICP7MN:, ................. .. ... .... .. ............................... $162 

Hi~Utra4U&lJJraIPrit.orlMxieh 

4MB fR-PCP8MM ..... $59 8MB FR-PCP8MAB ........ $89 
16MB fR-PCP8MAC... .. .. ........... . $162 

HiNaleVPPenlivrnMJdelI 
8M8 FRKP9MM .. ,$109 16MB fRKP9M-A8 ...... $269 

8 x 36-70 8 X 37-60 
................... 1204 (32MB) ... 

Our upgrade experts have detailed configura~on 
i llforma~on on thoo!.CInds of computers and printers, 
from the olde~t 10 !he latest models! 

WE PROVIDE YOU WITH: 
v' Your system memory feotures 

{RAM, cache & video) 
II How much memory you real~ need 
fI Memory products available for your sy~tem 
tI !.\osl cos! eI!ecINe oopgrode po~ lor yooo< sysIem 
V Your systems minimum & maximum 

memory copobjlj~es 

~TEXAS 
INSfRUMENTS 

T!~'OO),II.IocIeh 

ANCI 9793357 ............................. $139 

ExleftIO.t50&A55MocW:s 
4MB 9803932-0001.. . $59 &WI 980J933-0001 .... $109 

16MB 9804002-0001 " .............. , .............................. $399 
Ex\enl(l 510 & 515Mx1e1! 

8M6""" 9805763--0001 .... $109 16MB" 9805763-0002 .. $'201 

&.ilolO 550,S5's, 560.'s70 Madcli 

First 50urce Intematlonal 
I 

" 

lbirl.Pod350MxIe!! 
4MB 79Fl000 ............. $59 8MB 07GI828 .............. $99 

16MB 60G0379 .... ......................... , ......... $128 

ThinU'od3A5.3t1X/a/C'X/P/f'f.,370,755Pen~umMadelI 

4MB 84GS689 .......... $69 80Y08 B4GS692 .............. $99 

16MB 84G5695 ......... $219 32MB n/a ..................... $389 

ThiriPod 365 C/CS/CD/CSO& 365fjEDMadeb 

-4M8 9207287 ......... $50 16MB 9207293 ............ $209 

ThinU'ad36.5 X/YlJ&560Moc!eh 
&WI 92G7JAO ........ $109 IlloYt 92G73A1 .. ~ ....... $219 

ThinU'odSOO&SI0Macle& 

oWl 8189098 ........... $69 8MB 8189099 _ ....... _.$119 
16M6 81891IL .... _ .... _ .... $279 

WPod70IMxIe!! 

4MB 92Gl259 ............ $52 8MB 92Gl261. ...... _ ..... $9'2 

lMJa 92G7263 ... _..... . .. $116 

4MB 07GI'20 .......................... $99 

8MB OlG1421 ....................................................... $169 

16MB 66G5 109... .. .......................... $2.19 

ThNPad71JOC1CJ)/l/1DPentiumMaclel! 
8MB 9207315.. .. ........................... $99 

16MB 92G7316 .............. ... ............................................... $179 

ihinlPocI76{f/ED/El/tlDPenJiLHllMadei. 
8MB 92G73.tO.... .. ................ $109 

16MB 92G73AI.. . ............................................... $199 

FliiJI HEWLETT 
-':r..I PACKARD 

Neberoe!I&Veaovt2Mcxle1J 
4MB D297AA ................ $37 8MB D297,SA .............. $71 
161r'l 026761. .............. $127 32MB D2298A. •.• _ .......... $247 

VeaaXU/'1»3(1JKl/MlM2/'(l.3f'IE. ~ PC & Po¥ianIo'OOeh 
AMa D269OA ...... * ........ $31 81M 02691" .. .. _ ...... _ ... $56 
16MB n/o .................... $114 32MB 11/0 ............. *$220 

Veao.86'1JNST/U/I/NI~IIWtMadeb 
4MB 021S6A ...... ___ .... $37 8MB D2152A ...... $71 
IMJa 02676.\ ..... ___ ... $127 

mamaama N 

~M~R~~ ... $l7 16#.0 FR-IOAMA8 .... $1'27 
SIorion&Venl!risModels 

4MB fRK'VAMAA ......... $ll 8MB FR.f'CVAMAB ......... $56 
16MB fR-PCVmAC ..... ,$114 32MB FlKY..w.-AD . .. $220 

ProMag!lUlllSe!;eI&PO'IIe!Serte!SerieIModek 
4MB n/a ....................... $29 8MB n/a.... .$53 
16MB n/o ......... ...... .... .. $108 32MB n/a ..................... . S209 

PClMelenniaSeriel,Pow.SIaIiaoSeriel&HoroeI-N'C5efitlModeb 
-4M8- n/o.... .. .. $29 8MB"'" n/a ......................... $51 
16MBlOO n/o . $IG4 32MB""'II/a .................... $I99 

,~ Packard BelL ... -
O:-~~:.~~~.~.~$T:~ ..................... $53 

16MB II/o ............ _ ....... $108 32MB II/a ...... $209 

OeslielSOOS<XX:52055OC56OC 
2S6KRAMCoo. mon ................ ............................... $39 

lale!jal4l 
1MB C20241\ ... .. ............................ .. ........... $29 

lale!jeI5l,51.fS 
-4M8 C3148A ................ $69 6MB n/o .............. .. .. $103 

lallldet4, 4M..4SiMX.oISi. DeslJetI2OOC. 1200:::/PS, De\jgnlelSerie! 
AM8 0148" ................ $67 8MB C2066A .................. $79 

lallde/lSi,4+,4V,4MV,4M+,AP.4MP,SP,SNi.5S4, SSiMX,Caiar 
l.o!eOet,Oesllei 1600:. 16OO:M,Copy.lel 
AMII 0IJ2A ..... _ ...... .. $35 8M8 C3133A ... _ .. _ ....... $69 
16MB 01461. ...... __ .. _$119 

10IeI.ItI., •• , I, 11>,. 
2WEJp.8rd HlWSB .... _ ..... _ ....... $69 
AMBpp,Brd. 11/0._ .. _ ... _ .... $129 

1--1,1) 
2MB Exp. 8rd. 
.4MBExp. 8rd. 

Tl900.T1910.1t95O,T1960,14500,T4600.TA700,TAaOO.T485O,iA!XX) 
AM8 PCl'A20\2U ....... $59 8MB PCf'A2013U ...... .. $108 
16MB PCl'A2{)14U. . , ... $198 

WooMadek 
4MB PCl'A2004U .. ... $79 8MB PCf'A2005U .... ... $109 
16MB PCtA20100 . .. .... $189 

T2100,T2105,T2 110,T211S. T21SO,T11's'sModeb 
AMI! NW20261J ... . $49 8MB NW2027IJ .. $87 
16io'S NW2028U ..... _ .......................................................... $139 

TlOO, Tl05, T1lO, TI 15. UOO,TA05. TA10, r'15,TA20,T425,T610. 
lttrg710{720MocIeh 

BM8 f'M'2031U ... _ ..... S109 lMJa NW2032U ... $179 
32MB NW203AU .... .. " ... $299 

IIaoSOOMooWs&PorIIgt6SOCT 
8MB PA2038U ....... _.$I36 161oV1 1'A2039U ............ $174 
32MB M20400 .... _ .. __ .$473 '8MB PA20A1U .. ___ .... $742 

"""700 ..... 
8M8 NW2OJ5tL ___ .$129 16MB NW2OJ6U .... $219 
32Na NW2037U ....... ..................... $529 

NEe 
YeooS,SOO.S50,2OIXl,2200,Z205Modek 

4MB Cl'..4!().I201... ...... $44 8MB O'-Il().!202 ......... $9-4 
16MB 0'..410-1203....... . ......... $162 

VenaV,M,P,4lXXl,4050,AOBOMade!s 
AMB O'..4l()..jOOL ...... $79 8MB (lp-lI04002 ...... $114 
16MB 0'-1104003.. ... $197 32MB (lp-ll04004 .. $358 

VeM6OOJModeb 
8MB O'-II0-6200L.. .. $I29 16MB OP410-62002 .... $1l9 
32MB 0'-110-62003..... . .. $465 

A..-.nadoA 110. Al20.4130 
8MB 21791«X1L ..... $107 16MB 21791.5-001 .. $229 
32MB 217916001 ............. .. .................................... $409 

Affooooll20 

WINBOOK 
W...&d:Xf.XPC~ 

8MB 220581-001 ..... $11 16MB 2205a2-OO1 ..... _$154 16M6 II/a ... ... $221 32Nl II/a .................... $429 

8MB 98098IQ.OC(Jl ...... $99 16MB 9804841-0001 ".$191 
TfO'>t!!More5O(X),50IO,5020,5Ioo,5!30,5200.5270,5300~ 

8MB 9796816-{XX)1.. .. $179 16M6 9798816-0002...$299 
Tra<elMate6020,60JOMadeh 

8MB 9811-4.56-000L. .. CAll 16MB 98114S6-r0)2 ...... CALL 

IIF YOU CAN'T FIND WHAT YOU'RE LOOKING FOR CALL! I 

MAll OR FAX ORDERS TO: 
(714) 448-7750 • FAX: 1714) 448-7760 

EMAIL ADDRESS: sales@llrstsource.com 
First Source International 

7 Joorney • Aliso Vieio, Co)ifornia 92656 

FSI SALES HOURS 
Monday - Friday: 60m - 6pm • Solvrdoy, 7am - 4pm 

TECH_ SUPPORT HOURS 
Monday - Friday ' 7am - 5pm 

Technical Support: 1714) 448-7770 
All hours pacific Standard Time 

Call the Upgrade Experts 

ORDER NOW 
800-508-9866 
International O rde rs Call 71 4-448-7750 
I SEE US ON THE INTERNET: www_fjrstsource_com I 

C irc le 241 on Inquiry Card (RES ELLERS: 242)_ 



Take the quickest route to healthcare 
Information Systems solutions 

In today's dynamic healthcare climate, 
decisionmakers can't afford to get 
lost while searching for the right 

Information Systems solution. 
MDB Information Services-an 

alliance with Datapro Information 
Services Group and MDB Information 
Network-delivers the break you've 
been looking for. We're the only 
worldwide, comprehensive provider 
of immediate, actionable data for 
purchasing Administrative Systems, 
Clinical Support Systems, Client Server 
Technology, and Network Integration. 

MDB Information Network members 
annually save more than two to three 
times their membership cost to MDB 
Information Services by relying on 
MDB's up-to-the-minute acquisition 
and analysis of information on hun
dreds of Information Systems products 
and services . 

Plus Added Value 
MDB Information Services also delivers: 

• Information technology 
briefings/strategic planning 

• Custom RFP electronic templates 
to speed response 

• Cost-benefit analysis of systems 
and technologies 

• Success Matrix to measure process 
improvement 

• Access to Consultation Center 
and on-line services 

Call 1·800·687·0001 

Administrative Systems 
General Financials to Utilization 
Management, Ancillaries including 
Home Health and Long-term Care. 

Clinical Support Systems 
ER, Laboratory, Pharmacy, Radiology, 
Physician Management Systems, 
Clinical Pathways, and more. 

Client Server Technology 
From Workstations to Telemanagement, 

_ Scheduling to Network Management. 

Network Integration 
Network Operating Systems to 
Community Health Information 
and beyond. 

MDB INFORMATION SERVICES DATAPRO 
A n a ll ianc e wi t h D al a pr o In f orma ti on Se r vic es G roup, 
A nder se n Con s ul ti ng, and MDB Information Ne t w orJl 

MDB Informotion Services 5910 N. Central Expressway Suite 1800 Dallas Texas 75206 mdbinfonet.com 



We Carry LOWEST PRICES 
COPIER TONERS 
~ 

AI 
F41-2302-100 • •.•......••••• 75.00 

ALPS 
F41-4102-710 •••••...•.•.•• 100.00 - F41-4214-700 • ••••••••...... 89.00 ---

BASF b«X:her. ~ANQ~ ~QlQR 

Prices in US $ from America's Leading Exporter F41-6811-000 •••••...•....•. 83.00 canon F41-6821-000 ...•••.••••••.. 83.00 

I:EnTRDnll:S DISKETTES (10 PER BOX) RICOH 
F41-6801-000 .....••••••.•.• 83.00 

~ .OTIZEN- c==:IR I1ESCBI~IIQtl !11K SASE MAllil. SQtlY TONER KIT 80/150 ....... . .. . .. . 24.95 946-181 ••••........ • .•.••••• 9.25 
5"." Ds/DD 3.15 3.15 3.25 2.00 OPC KIT 80/81/150 ...... . ..... . 125.95 946-241 .........•• \ ••••••.. 12.25 CREATIVE LABS INC. 5"." Ds/HD 3.45 3.25 4.45 2.50 FAX TONER SM3000 ............ 59.95 

947-376 •............•••• ', •• 31.25 

CUUIS Dataproducts. 
3'12" DS'DD 3.75 3.75 3.75 3.75 FAX TONER 2700Ll4700L .. . . ... . . 88.95 MINQLTA 
3»" DS/HDF 3.65 3.35 3.65 3.65 FAX TONER SM1000 .. . ..... . ... 18.95 

aIlllllallD CD-R 74 MIN 650MB . .. . ... . .... . 6.75 8915-743 .. ................. 12.90 
Dysarr 8915-348 ................... 27.90 

EPSON" EXABYTE BROTHER KYOCERA 8931-202 ... _ ..... __ •••••••• 76.90 

DRUM UNIT 630/641 /655/665 ... . .. 127.95 M..IIA 
FACIT ~ FUJITSU 

TONER .................... 32.00 37037011 .. . ................ 12.25 TONER CARTRIDGE 630/641 /655 . .. 24.95 DEVELOPER ............... 117.00 • FAX CARTRIDGE 900 PC-91 ..... . . 20.95 DRUM ........ . ............ 156.00 37041011 ....... . ..... . ...... 5.25 

GUHAM MAGNETICS FAX PRINT CARTRIDGE PC-l 01 .... 28.95 FUSER .................... 206.00 37042011 ................. .. 27.25 
.B.!.CQH 

.GCNICOM DIGITAL 887051 •••••................. 5.75 

(JlJHIlWIATT IBM DATA CARTRIDGES LN03X-AC TONER KIT 
887132 ...................... 6.75 

~D ....... 36.75 887143 ........ .. ........... 17.75 

l·)E'G4" t(~ 
I1ESCBI~IIOtl llI. .MAXill s.o.tfi LN03X-AD OPC KIT •••••••. , 136.00 SHARP DC-2120 8.90 8.20 8.50 TK-50 TAPE CARTRIDGE ..... 14.95 
DC-6150 9.50 9.30 9.30 TK-70 TAPE CARTRIDGE • .... 23.95 SF-730MTI ........ .. ........ 16.50 

3M M. TAllY DC-6250 12.50 12.30 12.30 TK-85 TAPE CARTRIDGE • • ••• 34.95 SF-830MTI .............. . .. . 14.50 

maxelL MICROSOFT DC-6525 16.50 16.30 16.30 TK-88 TAPE CARTRIDGE ..... 93.95 SF-980MTI .......... . .•..... 33.50 
Dec Ribbons & other supplies TQSHIBA 

NIIstlua ftlEC OKIDATA 
Please call for the lowest prices. T-220P ..................... 22.50 

OCLI OIQD\~ ~ RIBBONS IOMEGA (Bernoulli Cart) 
T-61P .. .................... 10.50 

4oo/800TONER ... 17.95 3201321 /100 . . .. . 5.25 T-68P ................ . ..... 11.50 

ailvatH OLYMPIA 400/800 DRUM ... 169.00 380/3901391 . . . . . 5.95 5"." GOLD 20 MB ......... 63.95 XE.B.QX 
4OOEl810E TONER .16.95 520/521 ... . . . .. 7.95 5"." GOLD 44 MB .. .. .. .. 107.95 6R-229 , ......... . .......... 27.90 

OTC PACIFIC DATA 4ooEl810E DRUM 117.00 590/591 .. ... .. . 7.95 5"." GOLD 90 MB ......... 77.95 6R-244 .. ................. . . . 51.90 

PMasonic 5'/." GOLD 150 MB .. ....... 79.95 6R-257 ................. .. .. 41 .90 

iii Polaroid QMS 4MM & 8MM CARTRIDGES SYQUEST (Removable Disk Carl) 

om- KD@@[I]" DESQBI~IIQ!:! TDK SQ!'!.Y EXABYTE 44 MB . .. .. ... . ..... . .. " . 56.95 IBM 
4MM 60 METER 4.50 5.15 7.50 88 MB . ... ............ . . , . 56.95 B.I.e.IlQHS. .LME..B 

cSS9 5eagate 4MM 90 METER 4.75 5.35 8.50 105 MB .................... 56.95 1040150 . ... 8.20 1382100 , . . 135.00 
SMmt 

8MM 112 METER 4.75 5.25 7.50 270 MB ..... • .............. 55.95 

SEIKOSHA 
1040282 • • • 45.30 1382150 . . . 175.00 

CORONA 1040440 .. . 11 .40 1380850 ... 145.00 

SONY. dQrt OPTICAL DISKS CANON 1040930 .... 7.50 1380950 ... 170.00 

DE~QRIPTIQN ~1M SQ!'!.Y BC·Ol INK CARTRIDGE ... .. . . 17.50 1299095 .. . . 1.80 1380200 .. . 143.00 

SYQUEST ~TDK 3.5" 5121128 MB 15.95 16.95 11 .50 BC·02 INK CARTRIDGE . ...... 18.50 1299790 •• •• 9.90 1380520 ... 160.00 
3.5" 5121230 MB 23.95 25.95 13.50 FX-l FAX TONER .... . .. . .. . 75.50 1299845 .... 3.90 1669113 .. • . 17.00 TEAC. IfflNhihUi 5.25" 600/650 MB 40.95 44.95 39.50 FX-2 FAX TONER . . .. .. . . ... 64.50 

1299933 ... 13.80 1669115 .... 60.00 
5.25" 1.211 .3 GB 47.95 50.95 46.50 EPB2 TONER HP C-3900A . . . 119.50 

I~ENTS TOSHIBA EPS/SX TONER HP 92295A . .. . . 54.50 1319308 • . . 11.30 1669151 .... 60.00 

EPLlIlP TONER HP 92275A . ... . 61.50 1337765 .... 2.70 70X7001 ... 72.00 
TRIPPLITE HEWLETT PACKARD 1361195 .... 1.60 70X7002 .. 175.00 

\6batim f!mI IIiILI.E.IS IBAtlS~ABEtlCYleAeEB TEKTRONIX (Phaser III supplies) 
1380999 .... 3.40 70X7003 ... 17.00 

HP51604A .. . 8.50 HP51630Z . . 15.75 016·1123-00 COLOR 5TIX BLACK . ... 130.00 
6295158 . . • 28.40 70X7280 . .. 34.00 

HP51625A . . . 22.50 HP51630S . . 45.75 016·1124·00 COLOR 5TIX CYAN ...... 75.00 
6328829 . .. . 5.30 70X7281 .. 124.00 

and many more HP51626A • • , 20,95 HPC3835A • 37.75 016·1125-00 COLOR 5TIX MAGENTA . . 75.00 6845100 .. . 28.90 70X7243 . . 363.00 
HP51629A .. . 21 .50 HP92281K .. 52.75 016-1128-00 COLOR 5TIX yELLOW . .. . 75.00 7034437 . . . 27.50 70X7244 .. 276.00 

OEM supplies! HP51649A . .. 23.50 HPI7703T .. 35.75 016·1144-00 CLEANING KIT ...... . . . . 30.50 7034640 ..•. 5.60 70X7285 ... 85.00 

LASEB IQ!:!EBS B.I.e.IlQHS. 016·1103-00 TRANSPARENCY SHEETS 125.00 7819690 ... 12.80 70X7286 .. 384.00 

HPC3900A . ,. 123.95 HP92151H .. , 4.25 016·1219·00 TRANSPARENCY FILM .. 125.00 

ALL LOGOS ARE THE HPC3903A . • • 67.95 HP92155A ... 11.75 (CALL FOR OTHER TEKTRONIX ITEMS) RECORDABLE CD'S PROPERTY OF THEIR HP92291A .. 102.95 HP92155L .. 13.95 

RESPECTIVE COMPANIES HP92295A ... 59.95 HP92156S . . . 8.45 EPSON DESQBIPTION HP92298A .. . 86.95 HP92154B . 109.00 
We carry a complete line of HP Products. B.I.e.IlQHS. LASER FUJI CD-R 74 MIN . . . . . . . . CALL 
Please call for the lowest prices. 7753 . .••. 3.45 S050002 .. 107.95 KODAK CD-R 74 MIN . . ..... . CALL 

HIGH·CLlP 7754 ..... 3.85 S051 005 ... 137.95 
MAXELL CD-R 74 MIN .. . .... . CALL 

7762 .. .. , 5.85 S051 009 .. . 177.95 
PREFORMATTED PANASONIC 8750 .. ... 3.05 S051011 ... 147.95 MITSUI CD-R 74 MIN ...... . . CALL 

MF2HD 3.5" HD KX-PI15 RIBBON .. . . . .......... 6.99 8755 •• , .. 3.45 S051023 ... 107.95 PHILIPS CD-R 74 MIN .... . . . . CALL 

KX-PI55 RIBBON ........... . ... 6.99 8762 • •. . , 5.85 I.tfK..J..EIS SONY CD-R 74 MIN ..... . . . CALL 

1.44MB DISKS KX-P4450 TONER KIT ........... 28.69 8763 • •• , ' 4.25 S020002 .. .. 17.95 TDK CD-R 74 MIN . ...... . CALL 

10 PER BOX ... $3.00 KX-P4450 DRUM KIT ............ 115.69 8764 • • ". 9.05 5020025 .. " . 9.15 VERBATIM CD-R 74 MIN ....... . CALL 
8766 .. .. 17.75 5020034 .... 11.45 

(PRICES SUBJECT TO AVAILABILITY) (CALL FOR OTHER PANASONIC ITEMS) 8767 • ... 11.45 S020036 .... 23.45 

EXPORT SPECIALISTS 

STARTECH .1~ TEL: 619-278-2600 TERMS: WIRE TRANSFER (Trr) 

FAX: 619-278-2780 LlC at sight 
COMPUTER SUPPLIES LlC at 90 days 

5575 Magnatron Blvd., Suite G Prices are subject to change without 
notice. We cannot be responsible for 

San Diego, CA 92111 USA typographical errors. 

Circle 50 on Inouirv Card lRESELLERS: 2511 . 
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ATTENTION 

• FREE trial to any toll-free number SWEDEN 
, ' 

U.K. 
• The, first service which allows you to AUSTRALIA 

tilll anll uhone in the world GERMANY 
from your PC SINGAPORE 

• No setup charges • Cellular Quality JAPAN 

Visit our website for complete details 
and download our free software: 

http://www.net2phone.com 
Call us toll-free using Net2Phone at 1-800-438-8879 
Or call direct at 201-928-2990. E-mail·usat:info@net2phone.com 

N( HONFM 
Putting global calling within everyone's reach. 

Net2Phone requires caller only to have multimedia PC with any PPP Internet connection 
Re<:ei~ng party gets call on regular phone. '15/ peak, 101 off peak. Rates to the U.S, . 

NET2PHONE IS A TRADEMARK OF lOT CORPORATION 

Circle 264 on Inquiry Card (RESELLERS: 265). 
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You can't buy the Consumer Information Catalog anywhere. 
But you can send for it, free! It's your guide to more than 200 free 
or low-cost government publications about getting federal benefits, 
finding jobs, staying healthy, buying a home, educating your children, 
saving and investing, and more. 
Send today for your latest free Consumer Information Catalog. 
The Catalog is free. The information is priceless. 
Send your name and address to: 

Consumer Informatlion Center 
Department BES,., Pueblo. Colorado 81000 

A public service of this publication and the Consumer Information Center of the U.S. General Services Administration 



.i)@'F:.. 

MICROS OFf. 
WINDOWS NT 

Circle 260 on Inquiry Card (RESELLERS: 261). 

OPENNT, from Softway Systems, is the first 
product to provide true POSIX.1 and POSIX.2 
conformance for the Microsoft Windows NT operating 
system. By providing an enhanced POSIX.1 sub-system 
and a complete set of POSIX.2 utilities and shell, NT users 
are finally given a 100% POSIX conforming environment. The 
same POSIX environment that most UNIX systems use but without 
sacrificing your investment in Windows NT. The same POSIX 
environment required by the u.s. Government for all operating 
system purchases as specified by FIPS 151-2 & FIPS 189. 
Conformance means me links, case sensitive me names, user and 
group ownership,background processing and more. Add to this a 
real POSIX shell and all your favorite UNIX utilities (like find, grep, 

announcing awk, sed, Is) and you end up with an environmeut so close to UNIX 

O NT
·W NT that you won't know it isn't UNIX! 

PEN ~ IND OW~ is available today. OPENNT Commands and Utilities 
~ § is only i122 - and we include free updates for a year. 

1M lOr ::E 1M ~ Our 30-day money back guarantee and free technical 

Softway Systems, Inc. 
185 8erry Street, Suite 5514, Son Francisco, CA, USA, 94107 

Tel: 415-896-0708. Toll Free: 800-438-8649 • Fox: 415-896-0709 
Emoil: soles@softwoy.com • WWW: http://www.softwoy.com/OpenNT 

support makes this a no risk opportunity to give your 
Windows NT system the POSIX punch it needs! 

.So!!!ay. 
OPE.NT is 0 trademark of Softwoy Systems, Inc. This praduct includes softwore developed by the University of (olifomio, Berkeley ond its contributors. All other registered trademarks ond trademarks ore the praperty of their respective owners. 

Discover the best RAID price/perfor
mance in the industry. Raidtec is the 
affordable, open, SCSI-to-SCSI hard
ware RAID solution for complete data 
protection. Ideal for mission critical 
applications, document imaging & 
multimedia. 

It's time to re-visit the 
ultimate in high-availability 
storage. Contact Raidtec 
today at (770) 664-6066. --

I~ 11 1111111 1 

~\\\I\\\\I~ 1111\ 111 111 
lG!d!1!< 

Circle 258 on Inquiry Card (RESELLERS: 259). 

• Fast, Wide, Ultra SCSI 

• Programmable RAID Level 
selection: 0, 1, 10, 3/5 

• On-the-fly hardware parity 
generation eliminates read, 
modify, write-back 
performance overhead 

• Single ended or differential 

• Remote alarms, configuration & 
monitoring 

• Environmental sensor ports 

• Hot replaceable drive bays, fans 
& power supplies 

• New EAM & Service Channel 

• Single SCSI ID 

• Downloadable flash firmware • Solid state-of-the-art load 
sharing power subsystem 

• Rackable, stackable • LCD control panel status display 

THE STANDARD I N A DVANCED MASS STORAGE SVSTEMS 

Raidtec USA 
105 Hembree Park Dr.· Suite C 
Roswell, GA 30076, USA 
Tel.: (770) 664-6066 
FAX: (770) 664-6166 
http://www.raidtec.com 

Raidtec EUROPE 
Glen Mervyn House· Glanmire 
Cork, Ireland 
Tel.: (353) 21-821454 
FAX: (353) 21-821654 
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Benelux 
Gerry Westerhof 
Phone: 31 72 509 1855 
Fax: 31 725091145 

Bulgaria 
Daniel Christov 
Phone/Fax: 
359 2 974 3557 

France 
Eric La Guinio 
Phone: 33 1 49 77 03 06 
Fax: 33 1 43 76 74 29 

Germany, 
Austria, 
Switzerland 
Wolfgang Brezina 
Phone: 49 89 525 847 
Fax: 49 89 529 850 

Greece 
Maria Hadjioannou 
Phone: 30 61 620384 
Fax: 30 61 272072 

Hungary 
Imre Szabo 
Phone: 36 76 488888 
Fax: 36 76 488889 

Ireland 
Ian Bangham 
Phone: 353 1 2807133 
Fax: 35312807157 

Italy 
Enrico Campia 
Phone: 39 11 8127656 
Fax: 39 11 8994422 

8196 

To Subscribe to BYTE magazine, or for 
Customer Service, contact your local BYTE 
Subscription Representative: 

Middle East 
Zafar lnamdar 
Phone: 971 4 666788 
Fax: 971 4621149 

Poland 
Wlodek Bincyzk 
Phone/Fax: 48 2 625 2275 

Portugal 
Manuel Neves 
Phone: 351 1 3479301 
Fax: 351 13475127 

Scandinavia 
Gunnar Sandbjerg 
Phone: 45 3314 2226 
Fax: 45 3314 2218 
or lauge Dehn 
Phone: 45 86 223188 
Fax: 45 86 228159 

South Africa 
Cape Town: J Trisos 

Phone: 27 21 244094 
Fax: 27 21 24 8681 
Durban: T Tyson 
Tel: 27 31 2027303 
Fax: 27 31 2027307 

Johannesburg: M Kendrick 
Tel: 27 11 8804988 
Fax: 27 11 4428327 

Spain 
Barcelona: Javier Casellas 

Phone/Fax: 34 3 2380342 
Madrid: Eduardo Montojo 
Phone/Fax: 341 5716685 
or Henri Misrahi 

Phone: 34 1 7337346 
Fax: 34 1 7338970 

Turkey 
Gengiz Eren 
Phone: 
90 216 345 3473 
Fax: 90 216 346 2464 

United Kingdom 
Peter Gregson 
Phone: 44 1 61 4303423 
Fax: 44 1 61 494 6976 
or John Luker 

Phone: 44 1 258 821114 
Fax: 441 258821115 

If there is no BYTE 
representative listed above 
for your country. please 
contact: : 

BYTE Subscriber 
Services 
PO Box 72. Galway. Ireland 
Fax: +1 35391 752793. 
Phone: + 1 353 91 752792. 

~ 
A Division of TheMcGraw-HiU Companies 

A Message to Our Subscribers 

From time to time we make the BYTE subscriber list avail
able to other companies whose products or services 
would be of interest to our readers. We take great care to 
screen these companies, choosing only those who are 
reputable. Furthermore, subscriber names are made avail
able for direct mail purposes only; telemarketing calls are 
strictly prohibited. 

Many BYTE subscribers appreciate this carefully 
managed program, and look forward to receiving informa
tion of interest to them via the mail. While we believe this 
information is of benefit to our subscribers, we firmly 
respect the wishes of any subscriber who does not want 
to receive promotional literature. Should you wish to 
restrict the use of your name, please send your request 
(including your magazine mail ing label, name, address, 
and subscription account number) to : 

I ;~ IJ II BYTE Magazine Subscriber Services 
PO Box 555, Hightstown, NJ 08520 

gz 
A Division of The McGraw-HiU Companies 

SOMETHING MISSING? 
Complete your BYTE collection by ordering Back Issues today! 

1991 1992 1993 1994 1995 1996 Check enclosed Charge: 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Special Issues 
Windows Windows '93 

Outlook'92 
Portability BGuilkSummtt'93 

BGuid~hll'93 

Speeiallssues u.s. Drlivery $3.00, Foreign Delivery $4.00' 1990 tnru 1996 U.s. Oelivery $6.50, Foreign Delivery $8.50, 
Canada &: Mexico $7.00' All issues prior to 1990 US. Oellvery $3.00, Foreign Delivery $4.00. (Call for availability) These 

prices include: postage (US). surface mai l (foreign). ·AII checks must be in U.S. funds and drawn on a U.S. bank. 
Please indicate which issues you would like by checking (II) the boxes. Send requests with paymentto: 

mil] Back Issues, One Phoenix Mill lane, Peterborough, N.H.034S8, (603) 924-9281 
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Last Name 
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City 

State 

MasterCard American Express 

Zip 
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Add-In Boards • Bar Coding 

Your Specialty 
PCMCIA Headquarters 

If your needs are portable, Quatech has the solution. Our complete line of 
communication and data acquisition PCMCIA cards include: 

1,2, or 4 Port Serial RS-23214221485 PCMCIA Cards 
Parallel PortiEPP PCMCIA Cards 

Multi-Protocol PCMCIA Adapter Cards 
Digital VO PCMCIA Cards 

Analog Input and/or Output PCMCIA Cards 
IEEE 488.2 PCMCIA Interface Cards 

For complete specifications on the above products, call one of Quatech's 
expert sales engineers today at 1-800-553-1170 or email sales@quatech.com. 
Ask for a free copy of Quatech's new 1997 Product Catalog. 

o GUATECH 

...... .Application to Solution 
Check us out on the web: http://www.quatech.com 

See us at COMDEX, Booth #53385 

C ircle 61 on Inquiry Card (RESELLERS: 62). 

Celebrating ... 
LaserUte & DuraTrax 

~ .4 

_ .. 
" • \\\\ll 
--,' 

U 
The Next Generation 

Join the party as we celebrate two hot new products! 
LaserLite---the smallest portable laser bar code reader on the market! 

And DuraTrax-the first portable reader to fully integrate 
Touch Memorr- and bar code technology. 

~ mJ Call for your free information kit! 
- See us at COMDEX, Booth #L 143 

1105 N.E. Circle Blvd., Corvallis, OR 97330 
541-758-0521 • Fax 541-752-5285 • http://www.videx.com GC0731 

Circ le 63 on Inqu iry Card . 

Communications/Networking 

Simultaneously manage up to 8 
compute.rs from up to 16 locations! 

Control w ith keyboard and control panel 
Scanning function Lock access to a CPU 
File transfer function as option Automatic 

booting of keyboard and mouse Supporting 
high-resolution monitors Customlzatlon always 
ava ilab le Rack mountable 1 year warranty 

Variable configurations available: any combination from 
1 user to 2 computers up to 16 users to 8 computers 

' .~~- . 
..,- :~ •• . . . , . Ij\ 

f!.'-c- ' M I OIcom · CONNEtttVITVSOLUUONS 
Advanced Systems Ltd. .... 

International Hea~quarters: 
11 Belt Hadfus St. 
95483 Jerusalem, Israel 
Phone: +972 2 651 85 93 
Fax: +972 2 651 89 71 

.Email: rguggenh@minicom.co.il Visit our Home Page! 
http://www.minicom.netmedia.ro:il 

Circle 66 on Inquiry Card. 

~tM\ I ('\\ III -=- . . 
listed Price Applies to CSAlUL model 

USA/Canada: 800-265-1844 (ext. 231) 
France Office: 0-590-3661 / UK Office: 0-800-96-7710 
Fax: (519) 455-942S / lnternet E-Mail: startech.computer@onlinesys.com 

StarTech 
COMPUTER PRODUCTS 

USA • Canada · Uk • France 
Netherlands. Hong Kong 

http://www.startechcomp.com 

Europeanllnternational Distribution 
use Fax or Internet 

or Call : (519) 455-9675 (ext. 231) 

YisalMastercardiAmerican Express 

C irc le 70 on Inqu iry Card. 
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Communications/Networking • Computer Systems 

• Any mix of Pes; 
Mac, and Sun 

• Keyboard/mouse emulation 
• AUTOSCAN 
• Front panel & 

Hot key operation 
• Remote access to 150' 
• Desktop or rack mount 
• Over 50,000 in operation 

MasterConsolev 
Rock solid, reliable control 

CALL TODAY! 800-RCI-8090 X 71 
Come see us at Comdex Fall, Las Vegas, Nov 18-22, Booth #L5000 

DISTRIBUTORS LOCATED WORLDWIDE ~ 
RCI Europe (31)-10-458-6673 RCI Taiwan (886) 2-218-1117 ~ 

fax (31)-10-451-9610 fax (886)-2-218-1221 Rei 
Raritan Computer, Inc. 908.874.4072 fax 908.874.5274 

10-1 Ilene Court, Belle Mead, NJ 08502 • sales@raritan.com • http://www.raritan.com 

30 DAY MONEY-BACK GliAR-\NTEE FULL I-YEAR "ARRANTY 

Circle 67 on Inquiry Card (RESELLERS: 68). 

MCjVISA/AMIX 

Spedo...::t'i={.=;:::~~. !:~:"t 
::,:;:::=/. Talking Technology, Inc. 1125 AIIanti, Ave. 
/11- Phone: 510 521-3800Fax: SID 522-5556Imail: •• le.@IIi.nel 

Circ le 65 on Inquiry Card. 

C irc le 80 on Inquiry Card (RESELLERS: 81). 
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Computer Systems 

Industrial PC Solutions 

~ . .. 
~ : « •• 

, : 

.. - ... • 
Data Acquisition 

Call 800-800-6889 to 
receive a FREE 100-
page Solution Guide for 
your OEM or system 
integration needs. 

ADVA~ECH® 
750 E. Arques Ave. 
Sunnyvale, CA 94086 
408-245-6678, Fax 408-245-8268 

C ircle 7 1 on Inqu iry Card. _ 

Embedded PC 
Fits your applications 

and budget! 
1'siscuit PC 

386/486 Single 
Board Computer 
with SVGAlLCD 
and more ... 

• Ultra small size 
(145mm x 102mm) 

• Supports all 486DX 
and 5x86 CPUs 

• Local-bus SVGA/LCD 
interface 

• Multi-port RS-232 
and Ethernel 
communication 

• Supports Solid State 
Disks 

• PCj1 04 expansion 

C ircle 72 on Inqu iry Card. 



Computer Systems 

Turn Key Solutions For Industrial Computers 
200MHl Pentium" Processor PCIIISA sac ATI Mach 64 PCI sVGA, Pipeline Burst Cache, SCSI II Fast Wide 

• fault Tolerant System/RAID Solution 
• Full Line of Rack Mount Products 
• Partnership for the future 

• Hyperspeed Reseller Program 

• OEM/Customized Design Projects 

• Government/Corporate Discounts 

Catalog On Line! ···jlCOMDEX 
http://www.appro.com Fall '96 soothlf>480S 

E-mail: appro@appro.com ~!~::;~:~onnc~~e~egas 

800-927-5464 - """"'"""'"'-1 

#\ 'Imiu$lrl"'Tl1Cbn~I~8Jvf7l>"'o,row' 
A. 1 International, Inc. 

2032 BcringDr., San Jose, CA 9513l TeI(4OB)452·9200 Fax (4OB}452-921O 

C irc le 77 on Inqu iry Card (R ES ELLERS : 78) . 

C irc le 8 4 on Inqu iry Card (R ESE LLERS: 85). 

Computer Systems 

NEW! 386 PC-IN-A-BOX 

5-Serial Port 386 

., 

Portable PC System 
Battery operated 386 

DOS in ROM 

Graphics LCD 

4M Ram, 1M Flash 

PCMCIA 

3 serial, 2 parallel 

Keypad & Enclosure 

Peripherals & Support 

$449+ 

CPU CARDS 

$249+ 
KS-6B CPU: 33 MHz, RS-422148S, 2 parallel, 4M Dram, 1M 
Flash, Sl2K Sram, AT bus, PCMClA, DOS in ROM. 

Low Cost XI $139+ 
KS-l CPU: V40, 3 serial, 2 parallel, Sl2K Dram, 1M Flash, 
Sl2K Sram, modem, 10 bit AID, PCMClA, XT bus, DOS in 

1cILA 
DOS-IN-ROM 

C irc le 88 on In qui ry Card. 

CALL 800-505-6749 
303-444-7737 

FAX 303-786-9983 
email : sales@kila.com 

C irc le 73 on Inqu iry Card . 
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Computer Systems 

A large variety of 
SBCs in stock 

for fast delivery 

• 486 AND PENTIUM CPUs 

• UP TO 200MHZ SPEEDS 

• PCI SCSIINTERFACE 

• E-IDE INTERFACE 

• SVGA VIDEO OUTPUT 

• DUAL SERIAL PORTS 

• ISA & PCI BACKPLANES 
CALL TOLL FREE 

1-888-RECORTEC 
Tel: 1-408-734-1290 
Fax: 1-408-734-2140 

e-mail: info@recortec.com 
http://www.recortec.com 

RECORTEC 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 

C ircl e 75 on Inq uiry Card. 

Request our free 
Product Catalog 

• COMPUTERS 

• ENCLOSURES 

• KEYBOARDS 

• MONITORS 

• PRINTERS 

• CUSTOM DESIGNS 
CALL TOLL FREE 

1-888-RECORTEC 
Tel: 1-408-734-1290 
Fax: 1-408-734-2140 

e-mail: info@recortec.com 
http://www.recortec.com 

RECORTEC 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 

Circ le 76 on Inquiry Card. 

U.S.A. Made Rackmount Solutions from THE 

Over 40 models, sized from lU through 6U, 17' to 
24" deep, plus rackmount switches, monitors up 
to 20", & keyboards with or without trackballs. 

VOC: 510 447-2030 • FAX: 510447-4559 • www.rackco.com 

:;0 
III ,., 
~ o 
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VISA -g 
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accepted "< 

C irc le 74 on Inqui ry C ard . 
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Computer Systems • Data Acquisition 

RAVEN PEliiTIUM PCIIISA 
PENTIUM, 486 Single 

Board Computers 
& Mother Boards 

I FALCON IV 488 Single Board 
RACK MOUNT SYSTEMS 
• On-Board IOElffiOflO 

• REV Control • AMI BIOS 

ORDER DESK 1-800-777-4875 
& US LOGIC 

• OPTI CHIPSET 

~ W (619) 467-1100 • FAX (619) 467-1011 
sa I es@usl 0 9 i c. com 

The Intel Inside Logo and Pentium are registered trademark of Intel 
Corporation. 3 year warranty applies to Single Board Computers. 

Ci rc le 8 6 on In quiry Card (RESELLERS : 87) . 

2 GS/s AID and Scope Card 

GaGa 
1-800-567-GAGE 

Ask for extension 3425 

From outside the United States: 

--J 12 bit, 60 MSPS AlD 
--J 8 bit, 250 MSPS AlD 

2 GS/s for repetitive signals 
--J Up to 16 Meg Memory 
--J Extensive Software Drivers 

• 

CSUTE 8 bit, 40 MSPS $595 
. , CS2125 8 bit, 250 MSPS $4995 
. , CS6012 12 bit, 60 MSPS $6995 

U.S Prices. Intemation'!l pnces may vary 

Gage Applied Sciences (U.S.) Inc. 
1233 Shelburne Road, Suite 400 
South Burlington, VT 05403 
Tel: (800) 567-4243 Fax: (800) 780-841 1 
a-mai l: prodinfo@gage-applied.com 
web site: http://www.gage-applied.com 

Contact Gage Applied Sciences Inc., 5610 Bois Franc. Montreal, ac, Canada H4S lAg Tel: (514) 337-6893 Fax: (514) 337-8411 

Circ le 104 on Inquiry Card. 

Breaks the 4-Color Price Barrier with the 
Hardware/Software Showcase 

See how affordable it is to advertise to BYTE's 
500,000 computer professionals in this section! 

• 
For more information call your BYTE sales 
- representative (see listing, 

page 233) or fax 603-924-2683 



Data Acquisition • Disk 8: Optical Drives 

Portable Data Acquisition 
Performance and Portability -

We Give You Both. 
DAQCard" Series DAQPad" Series 
• Six Type II If~~ . Parallel port 

PCMCIA ~""" interface 
cards "" • 100 ksamples/s 

• Up to 100 "" --.12 or 16-bit 
ksamples/s resolution 

• 12-bit resolution • Analog, digita l, 
• Analog input and timing I/O 

and output • DC power, optional 
• Digital I/O battery pack 

and timing I/O Software 
SCXI Signal • NI-DAQ' driver 
Conditioning software for: 
• Parallel port "':r:'':'ill' - LabVIEW* 

or PCMCIA ~iHH - LabWindows' / 
mterface ~£,.:,:,; - ComponentWorks 

• Expandable to - Basic, C/C++, 
384 channels Visual Basic, Pascal, 

• DC power, optional and many more 

battery pack '. ' 
Call for FREE DAQ Designer" Software "-
(800) 433-3488 (U.S. and Conado) . 

Y NATIONAL 
~ ~t:l101!!~t~!~!~; 

U.S. Corporate Headquarters· Tel: (512) 794-0100 • Fax: (5 12) 794-8411 
E-mail: info@natinst.com • WWW: http: //www.na tinst. com 

© Copyright 1996 Na tiona l Instruments Corporation . All rights reserved. 
Product and compa ny names listed ore trademarks or trade names of their respective companies. 

Circ le 106 on Inquiry Card, 

Optional 
Benefits: Remote Display 

• Improves SCSI Bus Performance 
• Less Errors; More Reliable Data Transfer 
• Diagnoses Problems . Ana lyzes Signal Qual 
Features: 
• Active Regu lation . Supports 68 Pin, 50 Pin 
• Status Indicators . Gold Contacts 

SCSI Vue™ Gold 
Diagnostic Cables 

• No Loss Of Important Data 
• Faster Performance · Test Cable Integrity 
Features: 
• Diagnostic Indicat ors · Large Ferrite Filters 
• Trip le Shielding (Unique Cabl e Design) 
• Doub le Gold 20u ' Plated Connectors 
• Extra Heavy 26 Gauge Wire, 50 & 68 Pin 

SCSI Vue ™ Teflon 
Custom Internal Cables 
Benefits: 
• Less Errors. Ultimate Performance 
• Silver Wire Improves Signa l Quality 
Features: 
• Perfect 90 Ohm Impedance Match Custom Internal Cables in 1 DAYI 
• Triple Pronged Connector W it h Gold contacts 

3101 

Benefits : 

SCSI Vue'M 
Digital Switch 

• Share SCSI Devices Between 2 Computers 
• Attach up to 14 Devices to 1 Computer 
Features: 
• 2-1 Active Digital Switch/Repeater 
• Regenerates SCSI Signa l for Long Runs 

D.'.G •• ·T·A.L ~h,;~"'Crc.~rl::;:;-;:~~~;-;-;~1 

C irc le 9 1 o n Inqu iry Card (RESELLERS: 92), 

Diagnostic Equip.-Fax Boards/Machines-Memory/Chips/Upgrades 

ComputerjLAN Tools 
and Diagnostics 
Call for a free copy of 
the new Jensen Catalog 
for all of your PC/LAN 
diagnostic products and 
installation accessories. 

JENSEN"TOols 
7815 S.46th St. , 
Phoenix, AZ 85044 
Ph: 800-426- 1194 
FAX: 800-366-9662 
http: //www.jensentools.com 

Circle 1 D8 on Inquiry C a rd (RES ELLE RS: 109), 

SMART FAX MODEM? 
Yes, a fax modem that works with your PC off!! 

Introducing The Fax Modem That Stands Alone ... 

The FutureFax 144 
Am \:\CED MlLTI-Fl:\CTIO:\ F,u SYSTE\I 

FOR DOS, WI:\DO\\S & NET"ORKS 

D 
I 

':M tttt§ me v 

I filA 

0' Send/Receive Faxes With Your PC Turned Off! 

0' Print Plain Paper Faxes ~ To Your Printer 

and save hundreds of $ on thermal paper. 

o STORES FAXES IN MEMORY 0 SEND FAXES WITH ANY SCANNER 

o VIEW FAXES BEFORE PRINTING 0 V.42, MNP DATA MODEM 

o FORWARD TO REMOTE LOCATION 0 Up TO 32MB OF MEMORY 

o COMES WITH FREE SOFTWARE 0 AC OR BATTERY OPERATION 

o SUPPORTS CAS ApPLICATIONS 0 AND MUCH, MUCH MORE!! 

Call our 24 Hour 1-888-GET -FAX4 
Fax-On-Demand System 
for FREE Information. ~. . .. _i 
~ ADVANCED IMAGE COMMUNICATIONS 

...oIIIIIIIiiiI 3343 VINCENT RD. #D PLEASANT HILL, CA 94523 FAX 1·510-947-1900 

C irc le 93 on Inquiry Card. 

. Be a~~~~~~~~I%~:~~';;~;~~~~ t=;;:;;;; ___ ~-I . Windows3.1/95/NT, I 

~ 1-888-848-4321 
CAM?t.~ N http://www.camusa.com 
,""CH"O.OO V, '"c. 816 Charcot Ave., San Jose, CA 95131 Tel : 1-408'321·9880 Fax: 1,408,321 ,9885 

C ircle 94 on Inquiry Card (R ES ELLERS : 95), 
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Laptops a Notebooks • Misc. H/W • Multimedia 

==--------------------------------------------------------------------------------------------------------------
BYTE MAGAZINE RECOMMENDED! 

• 11.3" 800x600 Dual·scan Color screen. 2MB 
DRAM. Opt ional 12.1" TFT Active Matrix. "Micro International's Mint 5200 gets the nod 

becnuoo of iI's great price/performance ratio." • Built-in 6x CD·ROM drive, i6-bit stereo 
sound, 2 speakers, & mic. 

• Two type II PCMCIAslots, serial, 
parallel, MIDI, PS/2, & infared ports. 

• Windows 95 or DOS f Windows. 

• 1GB removable PCI EIDE HO 
(up to 2.1GB available). 

• 16mb RAM (maximum 64mb) 
and 256K level 2 cache. 

• 1 year parts and labor warranty. 
Extended warranties avai lable. 

• PS/2 Glide Point & Joystick. 

~QQ~C@u is a vertically integrated design 
and manufacturing campa izing in computer enclosures, disk 
su enclosures an rated ms. 

Internet: http://www.sli 
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NEAT& 
CD LABELER KIT 

1 Create your own artwork On Your Computer 
with easy-to-use NEATO Templates. 

2 Print on Any Laser Printer using NEATO 
pressure sensitive die-cut labels. 

3 Using the NEATO Label Device, apply 
labels ... PERFECTLY EVERY TIME! 

KIT INCLUDES 
• Label Design Templates (PC & Mac) 
• The Amazing Nealo labeler 
• Complete Instruction Guide cz. 

800·984·9800 
MicroPatente 250 Dodge Ave,· East Haven, CT 06512 

203-466-5170 · Fax 203-466-5178 
In EUfOPIJ: +44 (0)990 561571 • Fax +44 (0)181 932 0480 

See us at: hHp:{/WWw.neato.com 

Circ le 99 on Inquiry Card . 

Multimedia • Programmable H/W 

DiSASTER RECOVERY 

fOR Wi Ndows 9 5 
NEVER install Windows 95 Again! 

COdEBLuE/2 
• SiMplE AS 1 ,.2,. ~ 
1. Boot disaster recover diskette 
2. RESTORE to any size drive 
3. Re-Boot to Windows 95 

• COMplETE PROTECTioN 
·Backup complete Windows 95 
system : Registry, hidden files , LFN's 
·Backup to any locally attached hard disk, 
Syquest EZ, Iomega Jaz & Zip drives, 
MO Drives. 

$49.00 
plus S/H 

Also works on Win NT with FAT 16 TAPEDISK Corp 

800-827-3372 Hard Disk. 

COdEBluE12 REMOTE 
• For network disaster recovery 

tapedisk@tapedisk.com 
htlp://www.tapedisk.com 

715-235-3388 
FAX:715-235-3818 

TAPEDISK UK 1703-841 550 
TAPE DISK EURO +49 84.41.80.39 .00 

Germany +49 761.59.21.00 

• Backup to server 
• DOS Boot client to network 
• Restore & reboot to Windows 95 
Call for network license price 

The Netherlands +31 235633960 
France +33 61 .80.92.71 

Circ le 98 on Inquiry Card. 

• 256 KB Flash 

• 2 Serial Ports 

Single Board Computer with DOS and Utilities $195 
Embedded controller applications: Simple software development: 
2 fast" DMA channels · 8 analog inputs with 
programmable comparator levels · prio rity 

in terrupt conrrollcr with venor or register 
bank switching. 

J K microsystems 

• C rea te on a PC compatible computer. 
• Download in .EXEar .COM format to flash disk. 
• lest and debug through the console serial PO(t. 
• Modi fy the smTtup batch file to load and 

cxccurc the application on reset or powerup. 

510236-1151 fax 510 236-2999 

1275 Yuba Ave., San Pablo,CA 94806 http://www.dsp.com/jkmicro 

Circle 102 on Inquiry Card. 

Low Cost J6-bit Controllers 
Easy to program in Borland/Microsoft C/C++. 
C-EngincTM Prices start at $119 Qty 1, $49 OEM 
• 3.6x2.3", 24 I/O, 3 UARTs, 3 timers 2 counters 
• Upto 512K SRAM, 512K EEPROM, Watchdog 
• 11 12-bit ADC , 3 mA standby, 

Battery, RTC 
• Networking, C library, 

Development kits 

TrERN 
INC. 

216 FSt. 6104, Davis CA 95616 USA 
Tel: 916-758-0180 Fax: 916-758-0181 
Internet Email: tern@netcorn.com 
ftp://ftp.netcom.com/publteitern 

Circle 1 01 on Inqu iry Card . 



Programmable H/W • RAID Drive Arrays 

Cantral 
Practically 
Anything. 
from 

1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 
http://www.zworld.com 

For immediate information, use our 24-Hour AutoE-\)(. 
Call 916.753.0618 from your FAX. Request #18. 

C ircle 100 on Inq uiry Card. 

stop Server Chassis 
·Front access 10 *5 1/ 4" exposed drive bays ' 
·lockable front door. open able side doors • 
·w/300W AT Ul P/S ...... $178 
·w/2x300W R.P.M ........ $399 

.. Slide-in MIl Drawer 
• M/B: ATX. Baby AT. Full Size AT 
• Drive Bays: S.2S"x3. 
3.2S"x2. 3.2S"x2 
(Internal) 

• FCC class 8. CE 

Removable Hard Drive Modules 
• Wide SCSI. SCSi or IDE 'f 
Available, Patent 
protected 

• ;:~~~~~~ RAID & \. 

storage appllcallon 

Non-stC!J) Redundant 
Power SUpply ~ ~ 
• Balance Laad- I ~ "4~ 

.!:~.:;~:::gn I ''' ~II': ' -
Alarm/LED/Signal Il ~. 

I ~-. 
' fiO·~ 

fOI~·4i54-'9fl~ • M.T.C., NY, 800-366-4860 

C irc le 110 on Inquiry Card (RESELLERS: 111). 

Security • Tape Drives 

We make software 
protection easier to handle. 

Even though our new hardware keys 
are smal l, they still offer the most 
powerful and reliable barrier against 
software piracy ever developed. 
And with competitive pricing, they 
won't squeeze your margins either. 
• Secure protection for multiple 

applications/versions 

• The industry's only patented 
protection technology 

• Protects applications quickly. 
without programming 

• Remote update capabilities 
• DOS/Windows/95INT /Unix/ 

NetWare support 

• Time/ date-based execution control 

• Made in USA. 

Software Security's 
new UniKey" 

technology could 
change the way 
you think about 

software protection 
forever. 

UniKey makes software protection 
easier on your customers, your 
developers, and your budget... 
but harder than ever on pi rates. 

Call 1-800-841-1316 for 
more information, or to order our 
Developer's Kit, with everything you 
need to try UniKey protection on 
your application. 

SOFlWARE 
SECURITY 

-/~ 
/" , . 

A new slant on software protection 

6 Thorndal Circle, Darien. CT 06820-5421 
(203) 656·3000 • Fax: (203) 656-3932 
http://www.softsec.com 

sa =: 

e ',!§ CE = ---
Circle 107 on Inquiry Card. 

800-468-0680 
www.qualstar.com 

Circle 103 on Inquiry Card . 

NOVEMBER 1996 BYTE 225 



Comm u nications/Networki ng. Eng./Scientific. Math/Stats 

the backbone 
mail system 
for Windows NT&' 

Windows95'" 

• full featured SMTp, POP and FINGER server 
• highly configurable, secure list server 
• multiple independent mail domains on a single machine 
• graphical installation and configuration 

FROM ONLY $49 
A FREE FULLY FUNCTIONAL 

TIME LIMITED EVALUATION COpy 

____ JslYAILABL~ON_OIlKW]B_BITE_, \ 
r"--·~~;--·-] t..:mcd I II H~:ip \ 
. - .' .... ----. --- . _. . .J 

all /r{.t/emllrb 11111 l.dIJfJ ... /edg.,,1 lind lire the {Jrt>l'erl)' 'if/lreir f<'.f(x:ct;l'<! nw"cr.f 

Internet Shopper Limited· PO Box 6064· London· SW12 9XG • ENGLAND 

http://www.net·shopper.co.uk Q) 011 44181 6737422 

Circle 112 on Inquiry Card (RESELLERS: 113). 

RIEl! E NGINEERING S OFTWARE C ATAL.OG 

Engineering Software Direct is 
your #1 source for engineering 
software! The more than 1,000 
products listed in this catalog 
were developed by companies 
and practicing engineers and 

1o.~~~'_1\ represent a vast resource of 
II tools that can help you get 

your job done better, more 
....-:~--.::\\ accurately, and more quickly. 

S<iTe<h International 2525 N. Elston Ave., Chi<ogo, 1l60647. Tel 773.486.9191 
Fox 773.486.9234· e-mail info@scite(hint.(om. URL http://www.sdte(hint.(om 

Circle 114 on Inquiry Card). 

CAKE 
Simple Software from Clou Consulting Co. 

DOS OS/2 WIN Computer algebra by keyboard entry. 
Something for everyone. Arithmetic, 

algebra and MORE. Practical and useful. 
No language to learn. Free upgrades. 

Simply $67.00 plus shipping. 
Order: 1·800·226·0640 Fax: 612-553-0147 

VISA Me AM-EX 

1400-F Hwy 101 North, Suite 183, Plymouth, MN 55447 

C ircle 115 on Inqu iry Card (RESE LLERS: 116). 
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On-Line Services • Programming Languages/Tools 

• Domain name registration 
provided (http://your -.name) 

• Unlimited updates via your 
own FTP account 

• Complete domain mail processing 
(Multiple POP3, forwarding, 
autoresponders) 

• T3 Connectivity to the Internet 

• Unlimited e·mail Address fOTWArdinq 

• Microsoft Front Paqe® support 

• CGI Scripting (How includes shopping cart) 

• Cybercash support 

• Detailed web USAge statistics 
• S[i~~Z M .. ~~: !!t~~~~nl ster per month Er access to TAW 109 files 

• ContToned anonymous FTP 
• ZO MB of disk space faT your html • TrueSpeech® server support included. 

documents & graphics W per 1048 over ~o MBl (real-time audio) 

Circle 117 on Inqui ry Card (RESELLERS: 118). 

Fortran is our forte 
Special/zing in For/mn 

Language Systems Since 1967 

Thalahey Advantage 
FREE, unlimited, 

expert technical support. 

• 
Guaranteed bug fixes or 

workarounds within 
60 days. 

• 
30·day 

money·back 
guarantee. 

• 
FREE 

product patches 
on the Web at 

http://www.lahey.com. 

800·S48,,4'18 
or 

70;1·831-1500 
Fax: 702-831-8123 
saies@iahey.com 

http://www.lahey.com 

LF90 
------livers! 
Speed. Dependability. 
Great Tech Support. 
Create Fortran programs or port 
legacy code to the PC with the 
most-procluctive, best-supported 
Fortran 90 language system. 

Lahey Fortran 90 
• Fortran·smart Windows 

Development Environment. 
• DOS, Windows 3.1x, 

Windows 95 and 
NT Support. 

• DLL interfaces to VB, 
VC++, and Borland C++. 

• State·of·the·Art Intel 
Pentium and Pentium Pro Optimizations. 

US$895 
Educational, multiple-copy, and 
site-license pricing available. 

Lahey Computer Systems, Inc. 
865 Tahoe Blvd., P.O. Box 6091 
Incline Village, NY 89450 U.S.A. 

: 120). 



Programming Languages/Tools 

Learn Java'" Programming ... 
Simply, Quickly! 

Use the OML Learning 
Series'- to master Java 
programming quickly, It 
is the only CST that 
offers you "traditional" 
and "by example" 
learning styles, The 
Java Series features: 

Java Series - ,,
(Basics) 

Java Series - II'
(Object Model) 

Java Series - 111'
(Fundamentals) 

Java Series - IV~ 
(AWT) 

to time we 

." Call us for 
P~!"..l'l:':~lil information. 

Individual Corporate 

Each series: $79 $249 
Any 2 series: $149 $399 
Any 3 series: $199 $549 
All 4 series: $249 $649 
Other series: Call 

800-6789-0ML 

and FREE 
Demo Software 

(930: ' 
l::ll:" DAY . 
Amex •• ' . 

LiE>-
OBJECT 
MANAGEMENT 
LABORATORY 
TEL: 805-373-811 1 
FAX: 805-373-8116 

Circ le 121 on Inquiry Card . 

products or services to our readers. We take great care 
to screen these companies, choosing only those who are reputable. Furthermore, 
subscriber names are made available for direct mail purposes only; telemarketing 
calls are strictly prohibited. 

Many BYTE subscribers appreciate this carefully managed program, and look 
forward to receiving information of interest to them via the mail. While we believe 
this information is of benefit to our subscribers, we firmly respect the wishes of any 
subscriber who does not want to receive promotional literature. Should you wish to 
restrict the use of your name, please send your request {including your magazine 
mailing label, name, address, and subscription account number} to: 

Magazine SIJIh. .. c:"n, .... ~ervlces 

The First Pan-European 
Computer Postcard Deck 
Targeting the 

Security 

"Run Client/!ierller Applications 
!iecurely oller the Internet" 

.. Use the Internet as a secure virtual Wide Area Network 

III Develop powerful Internet applications using 4Gl tools 

III Use SQlWindows,Visual Basic, Powerbuilder, Delphi, C++ ... 

III Provides automatic data-stream encryption for all Sal data 

III Uses RSA security and Netscape's secure socket references 

III Includes a complete enhanced version of SQlBase v6.1 

III Transparent to users, developers and administrators 

Use the Internet to ",ecurely access 
your client/server applications 

Use Client/Server tools for 
remote access solutions! 

Pricing starts at $1 ,595 for a 5-user version 

Call 1-800-486-0UNN ext. 405 
http://www.dunnsys.com 

DUNN 
systems, inc. 

C ircle 122 on Inqu iry Card . 

Exploding European Market!!! 
If you are a BYTE subscriber in Europe, watch for the 
EURODECK coming to you soon! The BYTE EURODECK 
contains a selection of state-of-the-art products importan 
to you and your business. 

Adver".er.' 
The BYTE EURODECK offers you a unique direct mail approach 
to increasing sales in this fast-paced computer market. 
Circulation of the BYTE EURODECK is targeted to 50,000 computer buyers in over 20 countries in Western Europe. 
Take full advantage of the benefits BYTE provides you with this afforda Ie di ect channel to Europe. For information 
on the next BYTE EURODECK, 

Call Mark Stone today 
Fax 603-924-2683 or E-mail: 

Companies outside of North America, 
please contact your local representative 

lonem@mcgmw-hill.com 
BYTE 
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A DIR ECTORY OF PR ODUCTS AND SERVICE S 

THE BUYER'S MART isaunique 
classified section organized by 
product c ategory to help readers 
locate suppliers. Each ad has Inq uiry 
numbers to aid readers requesting 
informat ion from advertisers. 

typewritten c opy. 2"x1 1h6" ad 
c an include headline (23 characters 
maximum) , descriptive text (300 
characters is the maximum recom
mended) p lus company name, 
address, telephone and fax number. 
2"x2 5/8" ad has mo re space for 
desc riptive t ext (850 c haracters is 
the maximum recommended). 
DEADLINE: Ad copy is due 

approximately 2 m onths p rior to issue 
date. For example: November issue 
closes on S eptember 8 . Send your 

RATES (Jan. 1996) 
3·5 6-1 1 12 

issues issues issues 

1 ad $ 790 $ 760 $665 

AD FORMAT: Each ad w ill be 
desig ned and typeset by BYTE. Do 
NOT send logos or camera-ready 
artwork. Advertisers sho uld furnish 

ACCESSORIES 

SVGA SpliHers 
Monitor, Keyboard and Mouse splitters, multiplexers and 
high quality cables to 250 feet. 
> Connect 2 or more monitors to your PC 
,.. Support to 16oox1200- MADE IN USA 
>- Access 1 PC from several keyboards or vice versa 
» SVGA < > TV Converters 

HALL RESEARCH http://www.hallresearch.com 
Santa Ana, CA (714) 641-6607 800·959·6439 

BAR CODE 

Labeling SofhNare 
For DOS and Wi ndows with dot-matrix , LaserJet or 
OeskJet. Easy WYSIWYG design. Any formaVsize. Mix 
big text, bar codes, and PCX graphics. Formats for AIAG, 
KMart, Sears, MIL-STD, Penneys, WalMart. File Input. 
LabelRIG HT for 00S-$279. LabelRIGHT for Wlndows
$295. 

30 Day Money 8ack Guarantee 

Worthington Data Solutions 
(408) 458-9938 800-345-4220 

RF Terminal 
Communicates 2 way to Serial Base Station from 
400-1000 ft. Easily covers 1,000,000 square feet. 
1-16 terminals per base station. Keyboard, wand, 
CCD or laser scanner input. 16 Selectable fre
quencies. Small size and low weight - 14 oz. with 
batteries. Base Station - $845 Terminal - $1095. 

hllp :l!www.cruzio.com/- wds 

Worthington Data Solutions 
3004 Mission Street · Santa Cruz, CA 95060 

408-458-9938 • FAX 408-458-9964 800-345-4220 

Portable Reader 
* AA Battery Operated, 64K or 256K 

* Display messages and optional voice messages 
tell operator what to do. Messages are easily 
recorded (like answering machine) in any 
language. This unit is EASY! 

* Double duty as Non-portable Reader 

* 4x20 Supertwist LCD Display, 35 Rubber Keys 

* 2 Built-In Inventory Programs or create custom 

* Download tables and Pick Lists 

* Wand, CCD, or Laser Scanner Input 

* Reads 20f5, UPC/EAN, 128, Code 39, etc. 

* 2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete with Integrated Laser - $1299 

* 64K Complete with Steel Wand - $799 

* Smatt Size and very tong ballery life 
hllp:l!www.cruzio.com/-wds 

Worthington Data Solutions 
3004 Mission Street · Santa Cruz, CA 95060 

408-458-9938 • FAX 408-458-9964 800-345-4220 
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copy and payment to : 
THE BUYER'S MART, BYTE 
M agazine, 1 Phoenix Mill Lane, 
Peterborough, N H 034 58. For m ore 
information please call Vivian B ernie r 
in BYTE sales at 603-924-2521 or 

2"x11/S" 

2 Itx25/s" 

2 ads/issue - 635 
3 ads/ issue - 600 

1 ad $1,580 $1,515 $1 ,330 
2 ads/ issue - 1,265 
3 ads/issue - 1,200 

FAX: 603-924-2683. ········COLOR - Add $100 ........ . 

BAR CODE 

Windows Bar Code Fonts 
Add bar codes to any fonl based W indows pro
gram. Fonts designed for dot malrix, DeskJet 
and LaserJet. Print Codabar, 2 of 5, Code 128, 
UPC/EAN and Code 39 inside your Windows 
program. TrueType fonls, bitmaps and metafile 
support included. Only $199. 

Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 

Bar Code Readers 
for PC, XT, AT, PS/2, Macintosh 

and Serial Terminals 
* Attaches as 2nd Keyboard, no software changes 

* Reads 20f5, 128, UPC/EAN , Code 39, etc. 

* External or Internal attachment on PC 

* Wand, CCD, Slot Badge, Magstripe or Laser 

* Supports DOS, Novell, UNIX, Mac OS, etc. 

* 100+ Configurable Options 

* Supports USA and International Keyboards 

* 2 Year Warranty, 30 Day $ Back Guarantee 

* Direct From Manufacturer 

* Top Rated by tndependent Review 

* Complete with CCD Scanner - $399 

* Complete with Laser Scanner - $655 

* Complete Wand only Reader- $299 
hllp:l!www.cruzio.com/- wds 

Worthington Data Solutions 
3004 Mission Street· Santa Cruz, CA 95060 

408-458-9938 • FAX 408-458-9964 800-345-4220 

Portable Bar Code Reader 
~ Use as a PORTABLE, WEDGE, or SERIAL 
~ 9V Battery Operation with Lith ium Backup 
~ 2x16 Supertwist LCD Display 
~ 54 Key Keyboard with Separate Numeric Keys 
~ Real-time Clock Supports Date & Time Stamps 
~ Reads all Popular Bar Codes (16 types) 
~ Wand, CCD, Laser, or Serial Input Devices 
~ Built-In Program Generator 
~ Create Your Own Custom Programs 
~ 6 Built-In Inventory Programs 
~ Up to 250 Programs Can Reside in Memory 
~ Create up to 250 Data Files per Program 
~ Up to 250 Look-Up Files in Memory 
~ Built-In Calculator 
~ Supports HAYES Compatible Modems 
~ 64K Memory with Data Compression 
~ 30-day $$ Back Guarantee - 1 Year Warranty 
~ Complete Unit with WAND Scanner - $795 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800)648-4452 (817)571-9015 FAX (817)685-6232 
www_amltd,com 

BAR CODE 

BAR CODE READERS 
For PC, Xl, AT, PS/2, & Serial Terminals 

~ Emulates Keyboard: Works With Any Software 
~ Data Appears as Keyboard Input 
~ Uses Enhanced Decoding Algorithms 
~ Accepts Wand, SloVBadge, CCD, Laser, 

Magnetic Stripe Reader, & RS232 Serial Input 
~ Reads All Popular Bar Codes (16 types) 
~ Reads HIGH, MEDIUM, & LOW density codes 
~ Auto-Discriminates Between Bar Code Types 
~ Easily Programmed with a Bar Code Menu 
~ Over 140 User Configurable Options 
~ Daisy Chain Up to 96 Readers 
~ Supports NOVELL Networks 
~ Supports US & INTERNATIONAL Keyboards 
~ Direct From Manufacturer 
~ 30-day $$ Back Guarantee, 1 Year Warranty 
~ Complete Unit with LASER Scanner - $645 
~ Complete Unit with CCO Scanner - $299 
~ Complete Unit with WAND Scanner - $299 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800)648-4452 (817) 571-9015 FAX (817)685-6232 
www.amlld.com 

Bar Code Printing Software 
LabelWorks for Windows 

~ Prints all Popular Bar Code Types (19 Types) 

~ Desktop Publ ishing Featu res : WYS IWYG, 
Scalable Fonts, Rulers, Guides, Lines, Shapes, 
Page Zooms (25%-400%), Templates 

~ Rotates Text, Bar Codes, and Graphics 

~ Supports Windows Compatible Fonts 

~ Choose From Ove r One Hundred Popu lar 
Label Formats or Design Your Own 

~ Rich Text Support: Mix Styles, Types, & Sizes 

~ Automatically Prints Serial Numbers 

~ Imports & Exports Graphic Files: 

TIFF, GIFF, BMP, PCX, WPG, WMF, TARGA 

~ Supports Virtually all Windows Compatible 

Printers (PostScript, Laser, & Dot Matrix) 

~ 30-day Money-Back Guarantee, $295 

... CALL FOR FREE DEMO SOFTWARE '" 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800) 648-4452 (817)571 -9015 FAX (817)685-6232 
www.amlld.com 

WINDOWSTM LABEL PRINTER 
GEMtNt is the AOC industry's first Windows-only label 
printer. Impeccable prin t quality, rugged all -metal con
struction, many bonus features standard; allows you to 
print labels and bar codes from the Windows applica- , 
tions you already use, without special labeling software 
or programming. Reseller inquiries welcome. 

THARO SYSTEMS, INC. 
P.o. Box 798, Brunswick, OH 44212-0798 

http:/twww.tharo.com;1haro/ Inte rn et e-mail: tharo@tharo .com 
330-273-4408 Fax : 330-225-0099 

Inquiry 45 1. 



BUY E R • SMA R T A DIRECTORY OF PRODUCTS AND SERVICES 

BOOKS 

12,000 COMPUTER TITLES 
Easy browsing & ordering in our online stores. 
Computer books from 450 publishers. Web URL 
http://www.compubooks.com. Excellent customer 
service & technical assistance. Worldwide FedEx & 
USMail shipping. MCNisaiAmExiNovus/JCB cards. 

CompuBooks" Online Bookstores 
512-321-9652 Fax 512-321-4525 800-880-6818 

BUSINESS SOFTWARE 

Accounting Software 
http://www.capitalsoft.fi 
0100% C++/MFC 0 Source Available 0 

Oy Capital Soft Ltd 
Tekniikantie 12, FIN-02150 Espoo, Finland 

Phone: +358-9-4354 2450 Fax: +358-9-455 8508 

Inquiry 452. 

Circuit Design Software for Windows 
Easy-to-use schematic entry, PCB design, and sim
ulation software, starting at $149 each. Complete 
PCB package with schematics, autorouter, and lay
out for 2-layer circuit boards, $399. Enhanced ver
sion with autoplacement, more symbol libraries, 
and up to 16 layers, $649. CAM file outputs. 

Mental Automation, Inc. 
5415 136th Place, SE-Bellevue WA 98006 

(206) 641-2141 FAX (206) 649-0767 BBS (206) 641-2846 
http://www.mentala.com/ 

Inquiry 453. 

CAD/CAM 

CONTOURING MOTION CONTROL 
F~~~! rp~~!;!!?RT! $249 

VERSION 3 VISNMC 
• Controls up to six step motors simultaneously. 
• Linear and Circular Interpolation. 
• New features to accommodate machine control. 
• Easy-la-use device driver. Super Manual. 
• CAD-CAM interface available. 

Ability Systems 
httpJ/www.abilitysystems.com 

Corpooitioo, 1422 Amo~ Ave. 
Roslyn, PA 19001(215) 657-4338 
FAX: (215) 657-7815 

Inquiry 454. 

CAD Solutions Software 
TG-CAO Professional v.6.0 

A 16 & 32 bit C/C++ Windows 95, Win NT & Win 3.1 
CAD Developers Kit. The best in CAD/CAM soft

ware kits. Free Demo and Technical Paper. 
1-800-635-7760 

Fax: 214-423-7288 BBS: 214-881-9322 
Disk Soflware, Inc. p.o. Box 941152, Plano, TX USA 75094 

E-Mail : disksoft@ix.netcom.com 

Inquiry 455. 

CD-ROM 

Consolidated CDROM, Inc 
Worldwide suppliers of CD-ROM software. 

We do import, export, publishing & distribution. 
We also buy & sel l all types of memory chips. 

Dealers Wanted! 

102 Greenwood Ave Wyncote PA 19095 USA 

800-8CD-ROMS 215-572-9831/215-572-9832 fax 
Emai l: cdrom@consldcdrom /www.consldcdrom.com 

Inquiry 456. 

CD-ROM 

CD-ROMS 
JAVA - Dev Kit, . . ........ .............. . ....... $25.00 

HoWAVA browser, demo applets, on-line docs 
WINDOWS 9S.COM ... 32-bit Shareware Collection . . . ... $30.00 
WINSITE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $35.00 

Utilities for Windows 3.1, NT, Windows 95, more! 
HOBBES OS/2 . . . . . . . . . . . . . . . . . . . . . .. . ....... .... $35.00 

Software. games, utilities, fixes, updates 
BSOISC - NelBSD, FreeBSD, XFree86 & X11 R6.. . ...... $35.00 
INTERNETTOOLS . .. ................ . . ... $30.00 

Networking tools & utilities SLIP & PPP 
LlNUX Developer's Resource ... .... $25.00 

Slackware, Red Hat! , more! 
LINUX Installation & Getting Started Guide ..... . ..... .. $7.50 

245 pg manual 
LlNUX TOOLBOX - ......................... . ..... $45.00 

MOO~~~~ f~~n~I~~~u~d~.~~b~~~N~~~patjble GU!. . . . . $99.00 
MOO-TIFF for FreeBSD - 100% Motif compatible GUI $99.00 
MOTHER of PERL . . . . . . . . . . . . . . . . . . . . . . . ....... $35.00 

Source & binaries for UNIX, ~OS, NT, MAC 
RUNNING LlNUX ... $19.95 

sou~7~lg~~~u:I 1~4 rs~~~~~~ ~~~tl;i~rv~ews, more. . . $30.00 
STANDARDS - RFCs, lENS, ITU/CCITI BlueBook . $30.00 
TCLlTK - software to develop X-Windows apps ... . ...... $35.00 
leX - typesetting tools for mathematical & scientific docs. $35.00 
WORLD WIDE Catalog. . . . . . . . . . . . . . . ...... $30.00 

See the WNW without being on-line! 
X-FILES - Complete sources for X11 A6 & XFree86. . . . $35.00 
Phone Orders: 1-800-800-6613 We accepl 
Fax Orders: +1-520-526-9573 Me, VISA 8. AMEX 
Inl'l Phone: +1-520-526-9565 
Web Orders: WONW.infomagic.com E-mail: orders@infomagic.com 

InfoMagic 11950 N. Hwy 89, Flagstaff, AZ 86004 

Inquiry 457. 

CD ROM TOWERS & 
JUKEBOX SERVERS FOR 

ALL OPERATING SYSTEMSl 
RAID NOW AVAILABLE 

No Device Drivers! MSCDEX needed, Complete Kit 
Networks CD Roms, unlimited user license, DISCPORT. 

U JES, NONE BEnER AT ANY PRICEn 
Call NOW: 1 (800) 482-1866 305-597-3980 

http://www.jescdrom.com 

Inquiry 458. 

WALNUT CREEK CDROM 
FreeBSD 2.1.5 Rock solid Berkeley Unix for PC w/sre. 

2 disc set, easy install, 6 mo updates .. ..... .............. .. ... .... $39.95 
Linux Slackware 96 4 disc set, Slackware 96 'OFFICIAL' release 
by Patrick Volkerding. Internet's favorite .............................. $39.95 
Clca MS Windows 2 disc set, 1900+ Windows programs, 

games, drivers, fonts, shells, src. Indexes in Germani 
ItalianifrenchlEnglishiJapanese. Quar. updates .... .......... $29.95 

Hobbes OS/2 1000 MB Free/Shareware drivers, app's, 
etc. OS/2 Mag's product of the year! 6 mo updates ..... $29.95 

Simtel MSDOS. 2 discs, premier Internet technical, 
programming Free/Shareware ..... .. ........................ ... $29.95 

Blackhawk - New Win. 95 shareware collection... . .. $29.95 
Internet Info 13,400 doc's. FAQs, FRCs, & lENs ................. $39.95 
Music Workshop Music prog ., midi, demos, etc .. ..... ..... .. $39.95 
Project Gutenberg 560+ must-read works of literature. 

Each document is in ASCII format text... . . ............ $39.95 
Scientific Library Technical shareware. DOSIWin ..... .......... $39.95 
POY-Ray Ray-tracing images, sre, documentation .............. $39.95 
70+ tilles about Windows 95 & NT, games, Tcl, perl, QRl! 
Ham RadiO, Music, Fonts, Royalty-free images 

Call for your FREE catalog today! 
All our products have a.one nar unconditional ~ 

1-800-786-9907 
4041 Pike Lane, Ste D-215, Concord, CA 94520 

+1-510-674-0783 Visa/MC/AMEx, Fax: +1-510-674-0821 
orders@cdrom,com http://WWW.cdrom.com/ 

Inquiry 459. 

COMMUNICATION-VOICE/FAX 

InfoOnCall 
Your Communications Solution 

Customizable phone operator, voice mail box, and 
fax machine all in one! Create: 
Automated tech-support· Co. news by voice or fax 

Product lists· Pager· and much more! 
For OS/2, Win 95, Win 3.1, & DOS! 

TTC Computer Products 1972} 594-8103 
Download the demo at www.lnfoOnColI.com 

Inquiry 460. 

COMMUNICATIONS 

Frame Relay, X.2S, BSC, HDLC, SDLC, PPP 
Rock solid , compliant, Inexpensive and robust PC APls and 
router Implementations. On board protocol support reduces 
PC overhead. 

• For MS-DOS, Windows, Win NT, Unix, OS/2, Netware and others. 
• Routers interconnect any PC systems or LANs. 
• Cards for 56kbps to T1 /E1. 
• Superior test and diagnostics including SNMP. 

Sangoma Technologies Inc. 
(800)-388-2475' (905)-474-1990. Fax: (905)-474-9223 
E-Mail: dm@sangoma.com • Web: www.sangoma.com 

DATA ENTRY SOFTWARE 

DATA ENTRY SOFTWARE 
Full featured, heads-down data entry 

with two-pass verification, edit language, 
output record reformat, operator statistics, 

key from images (NEW!), free tech support. 
For PC, PC LAN, S/36, AS/400. . 

FREE 30 day trial. 
Computer Keyes Tel: 206-776-6443 
21929 Makah Rd., Fax: 206-776-7210 
Woodway, WA 98020 USA: 800-356-0203 

DATA RECOVERY 

We Can Save It! 
All Platforms - All Storage Devices 

Proprietary techniques so advanced we 
. rescue data others simply abandon. 

DRIVESAVERS 
Restoring data since 1985 
1-800-440-1904 

415-883-4232 

Inquiry 461. 

The Leader in Data Recovery 
• Expertise in virtually every operating system 

& media storage device. 

• 24-Hour support & emergency services available. 
• Call for a FREE consultation! 

ONTRACK DATA RECOVERY 
MN: 1-800-872-2599· CA: 1-800-752-7557 

DC: 1-800-650-2410 • Europe: +441372 741999 

Inquiry 462. 

DATA RECOVERY when I.T. Matters 
• Tape, Optical or C .D. Media 
• Accidental Overwrites 
• Hardware or Software Failure 

VOGON 
Europe Tel +44 (0) 118-989-0042 

Fax +44 (0) 118-989-0040 
USA Tel 405-321-2585 Fax 8242 
Germany Tel +49 (0) 180-522-15-42 

Fax -+49 (0) 89-69-37-00-55 

Inquiry 463. 

DATA/DISK CONVERSION 

CONVERSION/DUPLICATION 
Tape: 4MM, OIC, 8MM, DLT, 9-trk, 3480/90/90E 
Disk: 3", 3'/,", 5'1,', 8" CD-ROM 

1-800-357-6250 
Shaffstall Corporation 317-842-2077 
7901 East 88th Street Fax 317-842-8294 
Indianapolis IN 46256 sales@shaffstall.com 
Since 1973 http://www.shaffstall .com 

Inquiry 464. 
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EDUCATION 
B.S. & M.S. In COMPUTER SCIENCE 

The American Institute For Computer Sciences offers an in
depth home study program to earn your Bachelor of Science 
at home. B.S. subjects covered are: MS/DOS, BASIC. 
PASCAL, C, C++. Data File Processing, Data Structures & 
Operating Systems. M.S. program includes subjects in 
Software Engineering and Artificial Intelligence. Ada and 
Using Windows courses also available. Accredited Member: 
World Association of Universities and Colleges. 

AMERICAN INST. for COMPUTER SCIENCES 
2101-BY Magnolia Ave_, SuHe 200, Birmingham, AL 35205 

1-800-767-2427 1-205-323-6191 

ENGINEERING SOFTWARE 

ENTERPRISE WIDE VIEWING AND MARKUP 

Use AutoVue Professional to view and mark up documents. 
Gain access to over 160 file formats from engineering, vec
tor, raster, hybrid, wordprocessor, spreadsheet, database, 
fax, and more. Supported formats include AutoCAD DWG, 
MicroStation DGN, TIFF, Word, WordPerfect, Excel, and 
more. Available for Windows, DOS, and UNIX. 

Cimmetry Systems Inc. 
(soo) 361-1904 Tel: 514-735-3219 Fax: 514-735-6440 

Inquiry 465. 

FOREIGN lANGUAGES 

WORLD'S LANGUAGE CENTER 
Automatic Translation with a push of the button 
Chinese, Japanese, Russian, 150 languages 

Dictionaries - Fonts - Learning - OCR etc. 
Best Prices • Best Service 

FREE CATALOG 

TransLanguage Inc. 
800-308-8883 Fax 714-279-9368 

PO Box 18024, Anaheim H ills, CA 92807 

Inquiry 466. 

HARDWARE 

Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 

Professional, Corporate, Government, and 
Educational Buyer since 1985. 

APPLE 1IQl) & MACINTOSHQl) 
SYSTEMS' PARTS' EXCHANGE REPAIRS 

Call for a Catalog ... 800-274-5343 
Office: 617-n8-4600' FAX: 617-n8-4848 

125 MIDDLESEX TURNPIKE· BEDFORD, MA 01730 

Inquiry 467. 

HEWLEn-PACKARD 
Buy - Sell- Trade 

laserJet ColorPro 
DeskJet DraftPro 
RuggedWriter DraftMaster 
Electrostatic Plotters DesignJet 

HP 9000 Workstations and Vectras also avai lable. 

Ted Dasher & Associates 
Your Hewlett Packard Remarketing Specialist 

Phone: (205) 591-4747 Fax: (205) 591-110S 
(SOO) 638-4833 E-mail : sales@dasher_com 

Inquiry 468. 

INTERNET 

GAMELONQl) INTERNET FILES 
hllp:/ /www_menai.cam 

Build powerlul, sophisticated programs with a last 00 persistent data 
software library that lits thearchiteclure of the Inlernel. Gather lumpy Inlernet 
data or use the Internet for program-Io-program data exchange. Object 
nesting, hyperHnking, indexing, transaction management, and more. 

- Safaris, Windows 3.1, Windows 951NT, OS/2 (ask for Mac, Linux) 
- APls for CH, C, Visual Basic & Delphi (ask for JAVA) 

Menai Corporation 
1010 El Camioo Real, Suite 370, Menlo Parlr:, CaJifomia 94025 

(800) 426-3566 (U.s.) or (415) 853-6450 
FAX (·ilS) SS}·64S3 E·mail: infoitmenaLcom 

Inquiry 469_ 
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lANS 

LiHle Big LAN 
The most flexible network 

Peer 10 Peer LAN to 250 nodes 
$75 total software cost, not per node! 
Link via serial, parallel, or Modems 
Also via Elhernet or Arcnel, or mix! 
Typically only 40k of RAM 

Information Modes 
817-387-3339/ P.O. Drawer F, Denton TX 76202 

Fax 817-382-7407 Orders 800-628-7992 

Inquiry 470_ 

lASERJET PCl VIEWER 

Visual PCL- End-user & Oeveloper Versions 
View your multi-page PCl5e print files in Windows 
complete with all fonts and macros. Print to non
PCl printers. Fax using standard Windows soft
ware_ Uses true PCl5e Intellifont typefaces and 
rendering software. Runs under Windows 95, NT 
and 3.x_ Full evaluation available on Web site_ 
16/32 bit Libraries available for OEM integration. 

Visual Software hltp:/Iwww_visuaLco_uk 
Fax: +44 1306 742 425 geddes@visual.co.uk 

Inquiry 471 . 

PROGRAMMERS TOOLS 

High-Speed xBASE Engine for Java ... 
c, c++, Visual Basic and Delphi programmers. Gel 
multi-user compatibil ity with FoxPro, Clipper and 
dBASE files. CodeBase is portable between DOS, 
Windows and UNIX! Includes client/server option 
as well as data-aware custom controls and a visual 
report writer! 

FREE 30 day test drive! 
Coli Sequiter Software Inc. for details_ 

Phone 403 437-2410 FAX 403 436-2999 

Inquiry 472. 

SECURITY 

Az-TECH SOFTWARE, INC. 
Leaders in Software Security 

n~RlOCK Safe·D ~VnKn 
Phone: (816) 776· 2700 dl0 

Fax: (816) 776-8398 * Dept: SMG·310 
Internet: www.az·teth.tom 

E·MAII.: sales@az·tech.com 

Inquiry 473. 

THE ULTIMATE SOFTWARE SECURITY 
• STOPCOPY family - UNCOPIABLE copy protection 
• STOPVIEW software encryption 
• NETLlMIT network license metering 
• DOS, Windows (3.X, 95, Nn, Mac, OS/2, support 
• Machine Tie, Internet Protection, CD-ROM Protection, 

Serialization, Date & Execution Limitation , Registration , 
Remote Authentication, Concurrent User limitation 

• Our products destroy ALL of our competition 

BBI Computer Systems, Inc. 
14105 Heritage Lane, Silver Spring, MD 20906 

800lfRY-ABBt . 800/879-2224 . 301/871-1094 • FAX: 301 /460-7545 
E-mail: bbi@bbics .t:om - Web:hHp:llwww.bbics.com 

Inquiry 474_ 

Cop's CopyLock II 
Professional software protection_ 

DOS, OS2, Win 3_1 , Win 95, NT, Networks. 
CD-ROM and Internet Security. 

Known and used world-wide since 1984 _ 

www.linkdata.com 
LINK Data Security 

Inl'l: + 45 3123-2350 Fax: + 45 3123-8448 

SECURITY 

(RYPK(Y SOFTWAR( U((NSING SYSHM 
"Software Protection with NO hardware lock and NO disk key" 
CrypKey is software copy protection thaI is: 

• complelely secure from any disk copy program 
• perfect for CD-ROM or INTERNET distribution! 
- cost effective, user friendly, and 100% guaranteed 

10 satiSfy! 
CrypKey can increase your software sales: 

• upsell opllons and levols of your software 
- lease or demo your software by runs or time 
- enable or upgrade your customers instantly 

by phone, fax or email! 
New! unique Ready-To-Try feature upon inslall allows llrial 
period only per customer. Newl unique Add-On feature - add 
more options, levels, runs or time to existing licenses. New! 
CrypKoy Instanl-jJrotects in just 5 minutes wilh no source 
code changes. 
CrypKey is completely compatible with MS-DOS, MS-Windows 
3.x. Win32s, Wing5, Win NT, and manages network licenses 
on all Novell and Microsoft operating system based networks. 
CrypKey is produced by Kenonic Controls Ltd. - software and 
engineering since 1972. 

Kenonic Controls limited 
7175-12th Street South East 

Calgary, Alberta, Canada T2H 2S6 
(403)258-6200' fax: (403)258-6201 

INTERNET: crypkey@kenonic_com 
WEB: hHp:/twww.kenonic.com/crypkey.htm 

Inquiry 475_ 

CRYPTO·BOxm locks in your profits! 
The Marx CRYPTO-BOX is the result of 10 years 
experience in effective software protection_ 
• microprocessor contro ls I D codes, memory, dynamic 

algorithm and high speed data encryption 
• remote access to passwords and counters 
• license metering in networks: single key per LAN 

MARX International, Inc. 
See us at COMDEX in Las Vegas Microsoft Partner Pavilion I B06 

404-321-3020 1-800-MARX-INT fax: 404-321-0760 
Visit our Home Page: http://www.marx_com 

Inquiry 476. 

KEY-LOK JlTM SECURITY 
Software Pi racy Prevention - Survival 14 years proves 
effectiveness. Active algorithm, programmable memory, 
counters, date control, remote update. No ID on device. 

Low pricing (e.g. $16.50 each for 5). 
No startup costs. 

Also, ACCESS CONTROL systems and disk driveJsystem LOCKS 

MICROCOMPUTER APPLICATIONS, INC. 
3167 E. Otero Circle. Littleton, CO 80122 

http://www.csn.netikeylok 
1-800-453-9565 (303) 770-1917 FAX: (303) 770-1S63 

Inquiry 477. 

SOFTWARE/DEVELOPMENT 

ADVANCED DEVELOPMENT TOOLKITS 

EDAT 
Cimmetry System 's Engi n eering Data 
Access Technology (EDAT) provides p ro
grammers with com plete access to CAD 
drawing information . Use EDAT to read , 
query, write and modify AutoCAD DWG , 
DXF, and MicroStation DGN formats_ EDAT 
is avai lable on Windows, Win 32s, UNIX 
and DOS. 

VCET 
V iew enable your application with VCET 
(Viewing and Conversion Enabl ing Tech
nology), the most extensive viewing 
libraries_ Add viewing capabilities for over 
160 file formats within your Windows 
application in a matter of hours. The same 
technology used in A utoVue and o ther 
lead ing v iewing and docu ment manage
ment software_ 

Cimmetry Systems Inc. 
(soo) 361-1904 Tel: 514-735-3219 Fax: 514-735-6440 

Inquiry 478. 
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SOFTWARE PACKAGING 

FREE SOFTWARE 
PACKAGING CATALOG 

Everything you will need to Package. Distribute, and Ship Your 
Software!! From manuals and binders to mailers and shippers 

LABELS LABELS LABELS 
For your diskettes. plain or custom printed 
dot matrix or laser printer. _ . free samples 

•• ·FREE CATALOG ... 
Hice & Associates 

8586 Monticello Dr., West Chester. OH 45069 
Phone/Fax: 513-779-7977 

Inquiry 479. 

SOFTWARE/ENGINEERING 

Analog/Digital Simulation!! 
• Windows, NT, DOS • Model Libraries, RF, Power 
• Power Mac, Macintosh • More Than 5000 parts 
• ISSPICE4 RealTime SPICE • Waveform Analysis 
• Mixed Mode Simulation • Full SPICE programs 
• Schematic Entry starting at $95. Complete 
• New AHDL Modeling Kit!! systems, $595~$2595 

P.O. Box 710 San Pedro, CA 90733..()710 • tu ft 
(310)833-0710, FAX (310)833-9658 In SO 

Call for your Free Demo and information kit. 

Inquiry 480. 

SpiceAge*4W 
Windows Analog Circuit Simulator 
The "value for the dollar" package you've heard about! 
• High speed Interactive Real-time analysis: AC, DC, 

Transient, Fourier, Temperature. Fast primitives 
• Added functions. Gain, phase, Impedence, group 

delay, noise, reflection coeff, and MORE are included. 
Starting at $895 

Tatum Labs, Inc. 
1287 N. Silo Ridge Drive, Ann Arbor, MI 48108 

313-663-8810 FAX 313-663-3640 

Inquiry 481. 

SOFTWARE/GRAPHICS 

The Next Generation of 
Imaging Toolkits ™ 

ImageGearTM 6.0 
AccuSoft announces the new standard in 
imaging toolkits, ImageGearTM 6.0, the succes
sor to the top-selling AccuSol! Image Format 
LibraryT~ 
New Features include: 
:I: Over 45 Raster Image Formats! 
:I: Fastest J PEG, Group 3/Group 4 
:;: Over 100 new API functions * Available fo r all platforms 
* New GUI functions 
:;: Faster image display & transparency 
:;: Display with sub-pixel accuracy 
:;: Advanced image processing 
:;: Faster image compression 
'" New display features, effects, and more! 

AccuSoft Corporation 
Call (800) 525-3577 

www.accusoft.com 
TEL(5081 898-2770 I FAX 15081898·9662 Dept. BM4 

2 Westborough Business Park Westborough, MA 01581 USA 

Inquiry 482. 

WINDOWS 

FREE INTERNET 
Free PPp, Get On-Line Immediately, Telnet 
to other BBS's , Suri the World Wide Web, 

28.8k modems 

'·914·346·1777 
All You Pay For Is The Call 

Inquiry 483. 

u.s. POSTAL SERVICE 
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CONVERSION 

AMERICAN POWER 
CONVERSION 

202 

219 

220 

220 

32A-B 

33 

64A-B 

130 AMERICAN POWER 65 
CONVERSION 

77-78 APPROINTERNATIONALINC 221 

818-961-2499 

714-644-8223 

212-564-5678 

212-564-5678 

800-531 -5369 

800-800-6889 

800-800-6889 

800-800-6889 

401 -788-2797" 

800-800-4APC 
DPTA2 

800-927-5464 

219 ARTECON 155 800-872-2783 
744-745 ATRIE 

207-208 AUTONOMY SYSTEMS 

AVIATION WEEK 

750-751 AVISION 

82-83 AXIOMTECHNOLOGY 

721-722 AXISCOMMUNICATIONS 

B 
132-133 BEST POWER 

134-135 BEST POWER 

136-137 BEST POWER 

450 BIX 

138 BORLANDINTERNATIONAL 

BYTE 

BYTE 

BYTE BACK ISSUES 

BYTE BACK ISSUES 

BYTE CUSTOMER SERVICE 

BYTE EURODECK 

BYTEFIELD SALES 

BYTEMOVING7 

BYTE ON CD ROM 

BYTEPUBLSTATEMENT 

BYTE REPRINTS 

BYTE SUB MESSAGE 

BYTE WEB SITE 

BYTE WEBSITE 

C 

481518 +886-2-999-4960"" 

128 +4401223421583" 

142-143 609-426-5526 

481527 886-3-577-701 7" 

221 

11 

103 

107 

111 

246 

37 

174 

193 

87 

218 

218 

61 

481538 

192 

245 

231 

70 

218 

909-464-1881 

+46462701800 

608-565-7200 

608-565-7200 

608-565-7200 

800-695-4775 

800-336-6464 

603-924-2663 

603-924-2663 

603-924-9281 

603-924-9281 

+353-91 -752-792 

603-924-2533 

+353-91 -752-792 

800-924-6621 

603-924-2525 

237 htlpJlwww.byte.com/ 
481535 htlpJlwww.byte.com/ 

94-95 

223 

CAMELEON TECHNOLOGY INC 223 800-440-7466 

800-659-8755 CARDIFF SOFTWARE 165 

196 CETRA 172 

758-759 CHICONYELECTRONICS 481515 

213 CLEAR SOFTWARE 

115-116 CLOU CONSULTING 

769-770 CMD TECHNOLOGY 

701-702 COMPEXINC 

186 

226 

48156 

43 

617-965-6755 

800-226-0640 

714-454-0800 

714-630-7302 

235 COMPUTER DISCOUNT 196-197 800-959-4CDW 
WAREHOUSE 

703 COMPUTER QUICK 481526 415-861-8330 

236 COMPUTERLANEUNLIMITED 208 800-526-3482 

215 COMTROLCORP 138 800-926-6876 

252-253 CONSANINC 198 800-221 -6732 

CONSUMER INFORMATION 216 
CENTER 

COPIA INTERNATIONAL LTD 

139 COREL 

239-240 CYBEX COMPUTER 
PRODUCTS CORP 

237-238 CYBEX COMPUTER 
PRODUCTS CORP 

22 

109 

199 

206 

232 BYTE NOVEMBER 1996 

800-689-8898 

613-728-0826 
ext 3080 

205-430-4000 

205-430-4000 
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704-705 CYBEXCOMPUTER 
PRODUCTS CORP 

D 
CVI 205-430-4000 

DATA COMMUNICATIONS 40-41 

DATAPRO 211 

736-737 DBTEL 481539 +886-2-268-1964" 

190-191 DEXONSYSTEMSLTD 

268-271 DISTINCT CORPORATION 

22 +36-1 -393-2618" 

150 408-366-8933 

140 DISTRIBUTED PROCESSING 
TECH 

93 407-830-5522 

141 DOLCHCOMPUTERSYSTEMS 117 

142-143 DTKCOMPUTERINC 88 

800-995-7580 

800-289-2385 

122 DUNN SYSTEMS 

E 
185-186 ELEKTROSON BV 

738-739 E-TECH 

706-707 EUTRON 

765-766 EXABYTE EUROPE 

F 
144 FAIRCOM CORPORATION 

708-709 FAST SECURITY AG 

184 FlNSON 

746-747 FIRST INTERNATIONAL 
COMPUTER 

241-242 FIRSTSOURCEINTL 

729-730 FISKARS POWERS 
SYSTEMS 

227 800-486-DUNN 
ext 405 

191 +31 -40-2515-065 

481531 +886-35-777751" 

48158 +3935201003 

481529 +31 20254 0090 

187 314-445-6833 

237 +49-89-894221 -20 

170 +39-2-6698-7036 

48152 +886-2-718-2782" 

210 

481521 

7 14-448-7750 

+3580452661 

255 FOREFRONT/ALLMICRO INC 201 800-653-4933 

G 
104 GAGE APPLIED SCIENCES INC 222 800-567-GAGE 

ext 3425 

230-231 GEOSAT 164 800-772-3667 

221 GLOBETROTIERSOFTWAREINC 149 408-370-2800 

91-92 GRANITE DIGITAL 223 510-471 -6442 

710 GREYMATIERLTD 481532 +44-(0)1364-654200" 

754-755 GVC 481537 +886-2-704-0338" 

H 
117-118 HIWAYTECHNOLOGIES 226 800-339-HWAY 

725-726 HYPERSYSTEMS 481540 +39-11 -434-2350 

84-85 ICPACQUIRE 221 888-618-6188 

IDTINTERNET 215 800-689-9438 

733 INFOCUS 481513 +31 -2356-23200 

723-724 INNOVATIVE SOFTWARE 481540 +49-69-236929 

888-301 -7728 202 INNOVUS MULTIMEDIA 

216 INTEGRIX INC 

INTEL CORPORATION 

89-90 INTERLOGICINDUSTRIES 

112-113 INTERNET SHOPPER 

105 IOTECH 

IOMEGA 

179-180 IQSOFTWARE 

J 
JAMECO ELECTRONICS 

108-109 JENSEN TOOLS 

102 JK MICROSYSTEMS 

K 
73 KILA 

145-146 KINGSTON CPU UPGRADE 

131 

157 800-300-8288 

24-25 800-538-3373 

221 516-420-8111 

226+44-(0)1816732149" 

222 

55 

12-13 

209 

223 

224 

221 

66 

216-439-4091 

888-2-IOMEGA 
ext j22 

800-458-0386 

800-831 -4242 

800-426-1194 

510-236-1151 

800-505-6749 

714-437-3334 

147-148 KINGSTON STORAGE 39 714-435-2600 

748-749 KUO FENG CORPORATION 481519 +886-2-754-2829"" 

734-735 KYOCERA 45 +49-2159-918-108" 

l 
256-257 LA TRADE 200 800-433-3726 

800-548-4778 

416-535-3555 

119-120 LAHEY COMPUTER SYSTEMS 226 

720 LANSOURCE 
TECHNOLOGY 

M 
712-713 MAGIC/ MSE 

756-757 MAINPOWER 
ELECTRONICS 

224 

MCGRAW HILL ON LINE 

MICRO 2000 

481516 

4815 11 +972-3-538-9292 

481530 +886-2-918-0657"" 

481529 

158-159 800-864-8008 

243-244 MICRO SOLUTIONS 
COMPPROD 

245-246 MICRO SOLUTIONS 
COMPPROD 

MICROGRAFX 

MICROGRAFX 

173 MICRON ELECTRONICS 

203 

207 

MICRO-INTERNATIONAL INC 

73 

176 

Cll-l 

224 

56-57 

74-75 

224 

174 MICRON ELECTRONICS 

175 MICRON ELECTRONICS 

99 MICROPATENT 

MICROSOFT 
CORPORATION 

MICROSOFT 
CORPORATION 

MICROSOFT 
CORPORATION 

MICROSOFT PRESS INC 

MICROWAY 

2-3 

136-137 

188 

91 

100 

66 

153 

229 

MINICOM/CLASSNETVIDEO 219 

MINITABINC 168 

MIPSDATALINEAMERICAINC 165 

800-295-1214 

800-295-1214 

800-877-3040 

800-877-3040 

800-362-7306 

800-967-5667 

800-486-2059 

800-723-2998 

800-984-9800 

800-MSPRESS 

508-746-7341 

+972-2-518593 

814-238-3280 

619-679-4070 

192-193 MIROCOMPUTERPRODUCTS 51 +49-531-2113-100 
AG 

740-741 MITAC CV +886-2-501-4265" 

742-743 MITAC 

MOTOROLA 
-SEMICONDUCTOR 

MOTOROLA 
-SEMICONDUCTOR 

187-188 MRT 

N 
NATIONALINSTRUMENTS 

481524 +886-2-501-4265" 

96-97 

98-99 

166 +4763896300 

223 106 

714 NATIONALINSTRUMENTS 481536 

800-433-3488 

800-433-3488 

NET2PHONE 

761-762 NOKIA MOBILE PHONES 

266-267 NOVOTEC 

222 NRW 

154 NSTL 

209-210 NSTOR CORPORATION 

121 
o 
OBJECT MANAGEMENT 
LABORATORY 

215 201 -928-2990 

48155 +358105055862" 

95 +49-89-35629770 

147 +49-211-837-2751" 

243 610-941-9600 

23 800-724-3511 

227 800-6789-0ML 

719 ONTIMEMARKETING 481528 

OSBORNE MCG RAW-HILL 238-239 

+49-40-437472 

800-822-8158 

P 
763-764 PANDA SOFTWARE 

INTERNAIONAL 

715 PERSOFTINC 

481520 +34-1 -3013015 

48159 800-368-5283 

760 PHILIPS SEMI-CONDUCTORS 8-9 +31 402724825"" 

205-206 PHILIPS BUSINESS 118 +88634549566"" 
ELECTRONICS 

155-156 PINNACLE MICRO 

157 PKWAREINC 

247 POLYWELLSYSTEMS 

7 

189 

205 

172 POWERSOFT C++ 85 

178 POWERSOFT OPTIMA 31 

194-195 PRINCETON GRAPHIC SYSTEMS 52 

PROXIMA CORPORATION 169 

PROXIMA CORPORATION 171 

PROXIMA CORPORATION 173 

176-177 PROXIMACORPORATION 175 

Q 
QNXEXPLR2 18 159 

158 QNX SOFTWARE SYSTEMS LTD 183 

103 

61-62 

QUALSTAR CORP 

QUATECHINC 

R 

225 

219 

714-789-3000 

414-354-8699 

800-300-7659 

800-265-4555 

800-395-3525 

714-751-8405 

800-447-7692 
ext 443 

800-447-7692 
ext 443 

800-447-7692 
ext 443 

800-447-7692 
ext 443 

800-862-1883 

800-656-0566 
ext 102 

800-468-0680 

800-553-1170 

88 RACK MASTER 221 800-480-4384 

716 RADDATACOMMUNICATIONLTD 83 +972-3-645-8107 

258-259 RAIDTECCORPORATION 217 770-664-6066 

717-718 RAIMACORP 481514 206-557-0200 

160 RAINBOW TECHNOLOGIES 58 714-450-7300 

220 RAVE COMPUTER ASSOCIATES 148 800-966-RAVE 
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S 
SYSTEM 262-263 VCOMMUNICATIONS 204 800-648-8266 

65 TALKING TECHNOLOGY INC 220 800-945-4884 63 VIDEXINC 219 541-758-0521 
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DARA International 
41 Ravutski 
Ra'anana 43220 
Israel 
Tel: +972-9-7419544 
FAX: +972-9-7481934 

KOREA 
Young- Seoh Chinn 
JES Media International 
6th FI., Donghye Bldg. 
47- 16, Myungil - Dong 
Kangdong- Gu 
Seou l 134-070, Korea 
Tel: +82-2- 4813411 
FAX: +82-4813414 

ITALY, FRANCE, SPAIN, 
PORTUGAL, SCANDINAVIA 
Zena Coupe, Amanda Blaskett 
101645.1710@compuserve.com 
A-Z International Sales Ltd. 
70 Chalk Fa rm Road 
London NW 1 8AN 
England 
Tel: +44171 2843171 
FAX: +441712843174 

GERMANY, SWITZERLAND, 
AUSTRIA 
JOrgen Heise 
jheise@mcgraw-hill.com 
The McGraw-Hili Companies 
Emil von Behring Strasse 2 
D- 60439 Frankfurt 
Germany 
Tel: +49 69 5801140 
FAX: +49 69 5801 145 

JAPAN 
Hirokazu Morita 
Japanese Advertising 
Commun ications, Inc. 
Th ree Star Building 
3-10-3 Kanda Ji mbocho 
Ch iyoda-ku, Tokyo 101 Japan 
Tel: +81 332614591 
FAX: +81332616126 

Z 
Z-WORLDENGINEERING 225 916·757·3737 

SOUTH PACIFIC 
AZ, Southern CA, CO, NM, NV 
Beth Dudas (714) 753-8140 
bdudas@mcgraw-hill.com 
Geanette Perez (714) 753 - 8140 
gperez@mcgraw-h ill.com 
The McGraw-H ili Companies 
15635Alton Pkwy., Su ite 290 
Irvine, CA 92718 
FAX: (714) 753-8147 

PETERBOROUGH, NH OFFICE: 
Sales FAX: 603-924-2683 
Advertising FAX: 603-924-7507 

BUYERS MART 
Mark Stone (603) 924-2533 
stonem@mcgraw-hill.com 
BYTE 
One Phoen ix M ill lane 
Peterborough, NH 03458 

BYTE Deck 
Brian Higg ins (603) 924-2596 
bhiggins@mcgraw-hiILcom 
BYTE 
One Phoenix Mill lane 
Peterborough, NH 03458 

EURO-DECK 
Mark Stone (603) 924-2533 
stonem@mcgraw-hill.com 
BYTE 
One Phoenix Mi ll l ane 
Peterborough, NH 03458 

BYTE ASIA-PACIFIC 
AUSTRALIA, HONG KONG, INDIA, 
INDONESIA, KOREA, MALAYSIA, 
PAKISTAN, PHILIPPINES, OTHER 
ASIA AND PACIFIC COUNTRIES, 
SINGAPORE, TAIWAN 
Weiyee In 
weiin@mcgraw-hill.com 
Jennifer Chen 
jennchen@mcgraw-hill_com 
#305 Nanking East Road, Section 3, 
10th f loor 
Ta ipei, Ta iwan, R.O.C. 
Tel: +886-2-715-2205 
FAX:+B86-2-715-2342 

Subscription Customer Service 

U.S, 1-.800--232-2983 

Outside U.S. +1-609-426--7676 

For a New Subscription 

U,S. 1-800-257-9402 

Outside U.s. +1-609-426--5526 
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INDEX TO ADVERTISED PRODUCTS 
For free product information from individual advertisers, circle the corresponding 
inquiry numbers on the response card! 
To receive information for an entire product category, circle the category number on the response card! 

CATEGORY NO. CATEGORY NO. CATEGORY NO. 
INQUIRY NO. PAGE NO. I NQUIRY NO. PAGE NO. I NQUIRY NO. PAGE NO. 

HARDWARE 
ACCESSORI ES/SUPPLIES 

108·109 JENSEN TOOLS 

2 ADD-IN BOARDS 
82·83 AXIOM TECHNOLOGY 

94·95 CAMELEON TECHNOLOGY INC 

215 COMTROL CORP 

604·605 DARI M 

190·191 DEXONSYSTEMSLTD 

746·747 FIRST INTERNATIONAL COMPUTER 

MICROWAY 

61·62 QUATECH INC 

86·87 U.S.LOGIC 

3 BAR CODING 
63 VIDEX INC 

4 COMMUNICATIONS/ 
NETWORKING 

767·768 ACCTON TECHNOLOGY 

234 ALTEX COMPUTERS & ELECTRONICS 

64 AMERICAN ADVANTECH 

744·745 ATRIE 

721-722 AXIS COMMUNICATIONS 

602 BAY NETWORKS 

701·702 COMPEX INC 

223 

221 

223 

138 

104NA2 

22 

48152 

100 

219 

222 

219 

481523 

202 

219 

481518 

11 

70 

43 

236 COMPUTER LANE UNLIMITED 208 

215 COMTROL CORP 138 

736·737 DBTEL 481539 

738·739 E·TECH 481531 

. 216 INTEGRIX INC 157 

108·109 JENSEN TOOLS 223 

66 MINICOM/CLASSNETVIDEO 219 

761·762 NOKIA MOBILE PHONES 48155 

716 RAD DATA COMMUNICATION LTD 83 

67·68 RCI 220 

248·249 ROSE ELECTRONICS 204 

70 STARTECH COMPUTER PRODUCTS 219 

752·753 TAINETCOMMUNICATIONSYSTEM 481522 

65 TALKING TECHNOLOGY INC 220 

5 COMPUTER SYSTEMS 
80·81 ACI 220 

ACORN COMPUTER GROUP KEY 

72 AMERICAN ADVANTECH 220 

71 AMERICAN ADVANTECH 220 

77·78 APPRO INTERNATIONALINC 221 

82·83 AXIOMTECHNOLOGY 221 

758·759 CHICONYELECTRONICS CO 481515 

COMPAQ 8·9 

DELL COMPUTER CORP 

DELL COMPUTER CORP 

CV·CVI 

CVII·CVIII 

DELL COMPUTER CORP 40·41 

DELL COMPUTER CORP 104NA 1 

142·143 DTK COMPUTER INC 88 

746·747 FIRSTINTERNATIONALCOMPUTER 48152 

84·85 

216 

89·90 

73 

173 

ICPACQUIRE 

INTEGRIX INC 

INTEL CORPORATION 

INTERLOGIC INDUSTRIES 

KILA 

MICRON ELECTRONICS 

234 BYTE NOVEMBER 1996 

221 

157 

24·25 

221 

221 

CII·l 

174 MICRON ELECTRONICS 

175 MICRON ELECTRONICS 

MICROWAY 

740·741 MITAC 

742·743 MITAC 

266·267 NOVOTEC 

154 

247 

88 

220 

75·76 

NSTL 

POLYWELL SYSTEMS 

RACKMASTER 

RAVE COMPUTER ASSOCIATES 

RECORTEC INC 

230·231 RENEGADE SYSTEMS 

183 SAG ELECTRONICS 

163 SILICON GRAPHICS 

79 SILICONRAX 

264·265 TEKNOR INDUSTRIAL COMPUTERS 

74 TRIVALLEYTECHNOLOGY INC 

86·87 U.S.LOGIC 

6 
82·83 

104 

105 

714 

106 

61·62 

86·87 

DATA ACQUISITION 
AXIOM TECHNOLOGY 

GAGE APPLIED SCIENCES INC 

IOTECH 

NATIONAL INSTRUMENTS 

NATIONALI NSTRUMENTS 

QUATECHINC 

U.S.LOGIC 

53 DIAGNOSTIC EQUIPMENT 

56·57 

74·75 

100 

CV 

481524 

95 

243 

205 

221 

148 

222 

164 

21 

34·35 

222 

215 

222 

222 

221 

222 

222 

481536 

223 

219 

222 

255 FOREFRONT/ALLMICRO INC 201 

108·109 JENSEN TOOLS 223 

224 MICRO 2000 158·159 

7 DISK & OPTICAL DRIVES 
219 ARTECON 155 

252·253 CONSAN INC 198 

91·92 GRANITE DIGITAL 223 

IOMEGA 55 

147·148 KINGSTON TECHNOLOGY 39 

243·244 MICRO SOLUTIONS COMP PROD 203 

245·246 MICRO SOLUTIONS COMP PROD 207 

155·156 PINNACLE MICRO 7 

250·251 STARTECH INTERNATIONAL 212 

9 FAX BOARDS/MACHINES 
93 ADVANCED IMAGE COMMUNICATION5 223 

610·611 NEWCOM 104NA7 

12 LAN HARDWARE 
767·768 ACCTON TECHNOLOGY 481523 

110·111 AE HOME CORPORATION 225 

215 COMTROL CORP 138 

704-705 CYBEX COMPUTER PRODUCTS CORP CVI 

239·240 CYBEX COMPUTER PRODUCTS CORP 

237·238 CYBEX COMPUTER PRODUCTS CORP 

241·242 FIRSTSOURCEINT'L 

720 LANSOURCETECHNOLOGY 

183 SAG ELECTRONICS 

227·228 SEH COMPUTERTECHNIK GMBH 

13 LAPTOPS & NOTEBOOKS 

199 

206 

210 

481516 

21 

161 

758·759 CHICONY ELECTRONICS CO 481515 

236 COMPUTERLANE UNLIMITED 208 

141 DOLCH COMPUTER SYSTEMS 117 

746·747 FIRST INTERNATIONAL COMPUTER 48152 

733 INFOCUS 481513 

MICRO·INTERNATIONAL INC 

740·741 MITAC 

742·743 MITAC 

166 TOSHIBA AMERICA INC 

167·168 TRAVELING SOFTWARE 

612 

613 

WINBOOK COMPUTER CORPORATION 

WINBOOK COMPUTER CORPORATION 

MAIL ORDER 

224 

cv 
481524 

28·29 

127 

11 

45 

14 
234 

235 

ALTEX COMPUTERS & ELECTRONICS 202 

COMPUTER DISCOVNTWAREHOUSE 196·197 

JAMECO ELECTRONICS 209 

250·251 STARTECH INTERNATIONAL 212 

15 MEMORY/CHIPS/UPGRADES 
94·95 CAMELEON TECHNOLOGY INC 223 

241·242 FIRSTSOURCE INT'L 210 

145·146 KINGSTON TECHNOLOGY 66 

256·257 LA TRADE 200 

760 

161-162 

PHILIPS SEMI·CONDUCTORS 8·9 

ROSS TECHNOLOGY INC 46·47 

16 MISCELLANEOUS HARDWARE 
110·111 AEHOMECORPORATION 

96·97 

MOTOROLA·SEMICONDUCTOR 

MOTOROLA·SEMICONDUCTOR 

SLIGER DESIGNS 

225 

96·97 

98·99 

224 

17 MODEMS & MULTIPLEXORS 
767·768 ACCTONTECHNOLOGY 481523 

744·745 ATRIE 481518 

603 CARDINAL TECHNOLOGIES 104NA5 

736·737 DBTEL 481539 

738·739 E-TECH 481531 

610·611 NEWCOM 1 04NA 7 

752·753 TAINET COMMUNICATION SYSTEM 481522 

18 MONITORS & TERMINALS 
754·755 GVC 481537 

748·749 KUOFENGCORPORATION 481519 

740·741 MITAC CV 
742·743 MITAC 481524 

205·206 PHILIPS BUSINESS ELECTRONICS 118 

194·195 PRINCETON GRAPHIC SYSTEMS 52 

170·171 VIEWSONIC 62 

19 MULTIMEDIA/CD-ROM 
252·253 CONSAN INC 198 

604·605 DARIM 1 04NA 2 

736·737 DBTEL 481539 

185·186 ELEKTROSON BV 191 

733 IN FOCUS 481513 

MCGRAW HILLON LINE 481529 

99 MICROPATENT 224 

192·193 MIRO COMPUTER PRODUCTS AG 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

176·177 PROXIMA CORPORATION 

163 SILICON GRAPHICS 

98 TAPE DISK CORPORATION 

57 PCMCIA 
187·188 MRT 

20 PRINTERS/PLonERS 
750·751 AVISION 

236 COMPUTERLANE UNLIMITED 

51 

169 

171 

173 

175 

34·35 

224 

166 

481527 

208 



CATEGORY NO . CATEGORY NO. CATEGORY NO . 
IN QU I RY NO. PAGE NO. INQUIRY NO. PAGE NO. INQUIRY NO. PAGE NO. 

734-735 KYOCERA 45 

227-228 

165 

SEH COMPUTERTECHNIK GMBH 161 

TEKTRONIX 69 

21 
127-128 

PROGRAMMABLE HARDWARE 
ALADDIN SOFTWARE SECURITY INC 190 

708-709 FAST SECURITY AG 

102 

101 

100 

JK MICROSYSTEMS 

TERN INC 

Z-WORLD ENGINEERING 

56 RAID DRIVE ARRAYS 
110-111 AEHOMECORPORATION 

219 ARTECON 

769-770 CMDTECHNOLOGY 

140 DISTRIBUTED PROCESSING TECH 

216 INTEGRIX INC 

266-267 NOVOTEC 

209-210 NSTOR CORPORATION 

258-259 RAIDTECCORPORATION 

183 SAG ELECTRONICS 

237 

224 

224 

225 

225 

155 

48156 

93 

157 

95 

23 

217 

21 

22 SCANNERS/OCR/DIGITIZERS 
750-751 AVISION 

59 SCSI 
769-770 CMD TECHNOLOGY 

52 SECURITY 
125-126 ALADDIN SOFTWARE SECURITY INC 

127-128 ALADDIN SOFTWARE SECURITY INC 

708-709 FAST SECURITY AG 

160 RAINBOWTECHNOLOGIES 

107 

225-226 

SOFTWARE SECURITY 

WIBU SYSTEMSAG 

23 TAPE DRIVES 
765-766 EXABYTE EUROPE 

243-244 MICRO SOLUTIONS COMP PROD 

245-246 MICRO SOLUTIONS COMP PROD 

103 QUALSTAR CORP 

481527 

48156 

78 

190 

237 

58 

225 

160 

481529 

203 

207 

225 

24 UPS/POWER MANAGEMENT 
129 AMERICAN POWER CONVERSION 33 

130 AMERICAN POWER CONVERSION 65 

132-133 BEST POWER 103 

134-135 BEST POWER 107 

136-137 BEST POWER 

729-730 FISKARS POWERS SYSTEMS 

756-757 MAIN POWER ELECTRONICS 

55 VOICE TECHNOLOGY 
610-611 NEWCOM 

SOFTWARE 
25 
223 

184 

608-609 

606-607 

176-177 

601 

BUSINESS 
CARDIFF SOFTWARE 

FINSON 

LOTUS 

LOTUS 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

COMMUNICATIONS/ 
NETWORKING 
ATIACHMATE CORP 

111 

481521 

481530 

104NA7 

165 

170 

16-17 

83 

169 

171 

173 

175 

87 

268-271 DISTINCT CORPORATION 150 

241-242 FIRSTSOURCEINT'L 210 

112-113 INTERNET SHOPPER 226 

121 OBJECT MANAGEMENTLABORATORY 227 

715 PERSOFTINC 48159 

167-168 TRAVELING SOFTWARE 

211-212 

29 
144 

VOCALTEC 

WALKER, RICHER & QUI NN 

DATABASE 
FAIRCOM CORPORATION 

725-726 HYPERSYSTEMS 

179-180 IQSOFTWARE 

712-713 MAGIC/MSE 

30 EDUCATIONAL 

127 

194 

179 

187 

481540 

12-13 

481511 

115-116 CLOUCONSULTING 226 

31 ENGINEERING/SCIENTIFIC 
115-116 CLOUCONSULTING 226 

719 ONTIMEMARKETING 481528 

114 SCITECH INTERNATIONAL 226 

33 GRAPHICS 
213 CLEAR SOFTWARE 186 

139 

190-191 

229 

176-177 

35 

COREL 

DEXON SYSTEMS LTD 

MICROGRAFX 

MIPS DATALINE AMERICA INC 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

PROXIMA CORPORATION 

MAILORDER 

109 

22 

73 

165 

169 

171 

173 

175 

235 

703 

710 

COMPUTER DISCOUNT WAREHOUSE 196-197 

COMPUTER QUICK 

GREY MATIER LTD 

481526 

481532 

36 MATHEMATICAL/STATISTICAL 
115-116 

153 

164 

CLOU CONSULTING 

MINITAB INC 

STATSOFT 

226 

168 

81 

37 MISCELLANEOUS SOFTWARE 
184 FINSON 

38 ON-LINE SERVICES 
232-233 AIR MEDIA 

AMERICA ONLINE 

207-208 AUTONOMY SYSTEMS 

450 BIX 

117-118 HIWAYTECHNOLOGIES 

39 

159 

IDTINTERNET 

MICROSOFT CORPORATION 

OPERATING SYSTEMS 
MICROSOFT CORPORATION 

QNXEXPLR2 

158 QNX SOFTWARE SYSTEMS LTD 

262-263 VCOMMUNICATIONS 

54 

40 

731-732 

138 

122 

144 

221 

710 

OS/2 
IBM 

IBM 

PROGRAMMING 
LANGUAGES!TOOLS 
ADONTECGMBH 

BORLAND INTERNATIONAL 

CO PIA INTERNATIONAL LTD 

DUNN SYSTEMS 

FAIRCOM CORPORATION 

GLOBETROTIER SOFTWARE INC 

GREY MATIER LTD 

723-724 INNOVATIVE SOFTWARE 

202 INNOVUS MULTIMEDIA 

179-180 IQSOFTWARE 

119-120 LAHEY COMPUTER SYSTEMS 

712-713 MAGIC/MSE 

170 

162-163 

OUT5ERT 

128 

246 

226 

215 

2-3 

136-137 

18 

183 

204 

15 

43 

481510 

37 

22 

227 

187 

149 

481532 

481540 

131 

12-13 

226 

481511 

121 

719 

172 

178 

717-718 

OBJECT MANAGEMENT LABORATORY 

ON TIM E MARKETING 

POWERSOFTC++ 

POWERSOFT OPTIMA 

RAIMACORP 

WALKER, RICHER&QUINN 

225-226 WIBU SYSTEMSAG 

41 SECURITY 
125-126 ALADDIN SOFTWARE SECURITY INC 

227 

481528 

85 

31 

481514 

179 

160 

78 

127-128 ALADDIN SOFTWARE SECURITY INC 190 

122 DUNN SYSTEMS 227 

706-707 EUTRON 48158 

708-709 FAST SECURITY AG 237 

763-764 PANDA SOFTWARE INTERNAIONAL 481520 

160 RAINBOW TECHNOLOGIES 58 

225-226 WIBUSYSTEMSAG 160 

45 UNIX 

144 

260-261 

46 
255 

224 

157 

CO PIA INTERNATIONAL LTD 

FAIRCOM CORPORATION 

SOFTWAY SYSTEMS 

WALKER, RICHER &QUINN 

UTILITIES 
FOREFRONT/ALLMICRO INC 

MICRO 2000 

PKWAREINC 

98 TAPEDISK CORPORATION 

167-168 TRAVELING SOFTWARE 

47 

98 

612 

613 

48 
214 

WINDOWS 
CO PIA INTERNATIONAL LTD 

TAPEDISK CORPORATION 

VISIO CORPORATION 

WINBOOK COMPUTER CORPORATION 

WINBOOK COMPUTER CORPORATION 

WORD PROCESSING/DTP 
ADOBESYSTEMS INC 

GENERAL 
49 BOOKS/PUBLICATIONS 

50 

51 

196 

222 

AVIATION WEEK 

BYTE ON CD ROM 

DATA COMMUNICATIONS 

MICROSOFT PRESS INC 

OSBORNE MCGRAW-HILL 

TELE.COM 

RECRUITMENT 
MICROSOFT CORPORATION 

MISCELLANEOUS 
BYTE 

BYTE 

BYTE BACK ISSUES 

BYTE BACK ISSUES 

BYTE CUSTOMER SERVICE 

BYTE EURODECK 

BYTE FI ELD SALES 

BYTE MOVING? 

BYTE PU BL STATEMENT 

BYTE REPRINTS 

BYTE SUB MESSAGE 

BYTE WEB SITE 

BYTE WEB SITE 

CETRA 

MICROGRAFX 

NRW 

22 

187 

217 

179 

201 

158-159 

189 

224 

127 

22 

224 

61 

11 

45 

153 

142-143 

245 

40-41 

91 

238-239 

16-17 

188 

174 

193 

87 

218 

218 

61 

481538 

192 

231 

70 

218 

481535 

237 

172 

176 

147 
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EDITORIAL INDEX 
For more information on any of the companies covered in articles, columns, or news stories 

in this issue, circle the appropriate inquiry number on the response card. Each page number refers 
to the first page of the article or section in which the company name appears. 

IN QU I RY NO. 

A 
1009 Access Software 

Acer 

Acorn 

998 Advantech 

1023 Aimtech 

1070 Alps Electric 

AMD 

PAGE NO. 

185 

481S 25 

105 

481S33 

122 

50 

89 

1034 American Data Acquisition 240 

996 APE Ptacek Engineering 481S 33 

Apple Computer 14, 26, 101, 
105,134,151 

Asustek Computer 481S 25 

1025 Asymetrix 1 22 

995 ATDI 481S 33 

ATML 481S 17 

1038 AutoGraph International 240 

1054, Axis Communications 240 
1062 

B 
BackWeb 

1042 Bluecurve 

986 Bradford University 
Software Services 

c 
Caere 

1040 Cambridge Quality 
Management 

Canal + 

1004 Centura Software 

1037 Century Software 

Cheyenne Software 

1064 Compaq Computer 

1000 Computertechnik 

1026, Corel 
1035 

1045 Core Technology 

1010 Creative Labs 

1006 CyberMedia 

Cyrix 

o 
1011 Dell Computer 

26 

240 

481S33 

26 

240 

481S3 

177 

240 

167 

240 

481S33 

122,240 

240 

185 

185 

26,89 

112 

IS pages appear only in the International edition. 
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INQU IRY NO. PAGE NO. 

1012, Digital Equipment 59,11 2,129, 
1063 134,139, 240 

1069 Digital Harbor 

E 
985 Ematek Infomatik 

Envox 

F 
997 First International 

Computer 

Folio 

1030 Fractal Design 

49 

481S33 

481S7 

481S 25, 
481S33 

26 

240 

Fujitsu 481S 25 

G 
1052 Gage Applied Sciences 240 

1047 Gateway 2000 240 

Groupe Bull 139 

GVC 481S25 

H 
991 Hantz & Partner 481S 33 

1013, Hewlett-Packard 112,139, 
1057 240 

1055 Hitachi Computer Products 240 

IBM 14,105,139, 
167,248 

1014 IBM Personal Computer 

992 ICP Vortex 
Computersysteme 

11 2 

481S33 

1024 Innovus 122 

Intel 14,89, 167 

International Meta Systems 89 

1066 Iomega 184 

976 Isoft 

J 
1046 JASC 

JetForm 

K 
993 KTT 

L 
994 Loughborough Sound 

Images 

M 
1022 Macromedia 

481S33 

240 

26 

481S33 

481S33 

122 

INQU IRY NO. PAG E NO. 

Madge Networks Europe 481S 7 

1065 MarketScape 26, 54 

981 Mathcomp 

1031 MaximizerTechnologies 

McAfee 

481S 33 

240 

167 

989 MCE Computer Peripherie 481S 33 

1049 MCSI 

979 MegaSoft 

Men and Mice 

1027 m Factory 

240 

481S33 

129 

122 

1043 Micro Design International 240 

1007 Micro Logic 185 

1048 Micronics Computers/ 240 
Orchid Technology 

Microsoft 14, 26, 134, 145 

988 miro Computer Products 481S 33 

Mitel Telecom 481S7 

Motorola 14, 26,67 

N 
NChannellnternational 105 

NetChannel 

Netscape 

1008 Nimantics 

1068 Novell 

o 

105 

105 

185 

53 

1060 Okidata 240 

Olicom 481S 17 

1059 Olympus Image Systems 240 

990 Opti International 481S 33 

1028 Oracle 105, 122 

Oxford Parallel 71 

p 
1053 Pacific Data Products 240 

PhoNet 481S 7 

1056 PixelVision 

Pointcast 

1015 Polywell Computers 

1005 Powersoft 

1061 Procom Technology 

Q 
978 QBS Software 

240 

26 

11 2 

177 

240 

481S33 

IN QU IRY NO. 

R 
1029 RadMedia 

977 Rhetorex Europe 

s 
S&S International 

1016 SAG Electronics 

PAG E NO. 

122 

481S33 

The Santa Cruz Operation 

167 

112 

139 

240 

240 

240 

1039 Sequel Technology 

104; Server Technology 

1032 ServiceSoft 

Sharp Electronics 26 

Silicon Graphics 139 

Silicon Integrated Systems 89 

software. com 26 

1033 Solid Oak Software 240 

1044 Strata 240 

Sun Microsystems 

Symantec 

T 
TCH hunderByte 

984 TechLog 

1058 Tecmar Technologies 

983 ToolShop 

980 Toplevel Computing 

Toshiba 

Touchstone Software 

u 
1051 U.S. Robotics 

v 
1067 Veri log 

1050 Vivitar 

VoiceBit 

VSN Systemen 

w 
1036 Wessex 

982 Windmill Software 

x 
1017, Xi Computer 
101 8 

14,63, 79, 
105, 139 

167 

167 

481S 33 

240 

481S33 

481S 33 

481S3 

167 

240 

181 

240 

481S 7 

481S7 

240 

481S33 

112 





PEAK PERFORMANCE IS 
THE NAME OF THE GAME 
The name of the book to get you there is the 

BYTE Guide to CD-ROM, 
Second Edition 
by Michael Nadeau 
Includes One CD-ROM Disc 
$39.95 USA 
ISBN: 0-07-882104-5 

EGuideto 
emizing Windows 95 

Don't let Windows 95 run your life. With the 
BYTE Guide to Optimizing Windows 95, you're in 
control. Filled with fresh solutions and optimizing 
shortcuts, you'll find slick tips and expert advice on 

• Installing Windows 95 

• The Internet 

• Multimedia 

• Handling old Windows and DOS applications 

• Networking with Windows 

• Troubleshooting .. . and much more 

~uioe to 

Shortcuts and 
Techniques 

for Increased 
Productivity 

You'll also get the real scoop on hardware issues and 
third-party products. An ideal guide and handy 
reference, you'll turn to the BYTE Guide to 
Optimizing Windows 95 again and again as you 
power up Windows 95 to your standards. 

BYTE Guide to Optimizing Windows 95 
by lenny Bailes 

BYTE Guide to Open Doc 
by Joshua Susser & 
Andrew MacBride 
$29.95 USA 
ISBN: 0-07-882118-5 

with Bermant, Menefee, and Heilborn 
$29.95 USA 
ISBN: 0-07-882120-7 

Schildt's Windows 95 
Programming in C and C++ 
by Herbert Schildt 
$29.95 USA 
ISBN: 0-07-882081-2 

Schildt's Advanced Windows 9S 
Programming in C and C++ 
by Herbert Schildt 
$29.95 USA 
ISBN: 0-07-882174-6 

OSBORNEm~ Available now at your local book and computer stores 
or call 1-800-822-8158 and use your American Express, 
VISA, Discover, or MasterCard. 

gz 
A Division ofTheMcGraw.ni.D.Companifi 

http://www.osborne.com 

ICODE=SF36BYll 



~1 ~f\l\ONWIDE STORES 

ALABAMA 
Madison 
Madison Books & 
Computers 
PH: 205-772-9250 
FAX: 205-461-8076 

ARIZONA 
Phoenix 
Computer Library 
PH:602-547-0331 

CALIFORNIA 
Berkeley 
Cody's Books Inc. 
PH: 800-479-7744 in CA 
PH: 800-995-1180 
Nationally 

Citrus Heights 
Tower Books 
PH:916-961-7202 

Cupertino 
Computer Literacy 
Bookshops 
PH: 408-973-9955 

Davis 
UCD Bookstore 
University of California 
Davis 
PH: 916-752-2944 

Los Angeles 
A5UCLA Students Store 
PH: 310-206-0763 

Mountain View 
Printer's Inc. 
PH:415-961-8500 

Palo Alto 
Printer's Inc. 
PH: 415-327-6500 

Stanford Bookstore 
PH: 800-673-2348 

Sacramento 
Tower Books 
1600 Broadway 
PH: 916-444-6688 

San Francisco 
Stacey's Professional 
Bookstore 
PH: 800-926-6511 
EMAIL: staceysbk@aol.com 

San Luis Obispo 
Earthling Bookshop 
PH:805-543-7951 
FAX: 805-543-8488 

Santa Barbara 
Chaucer's Bookstore 
PH: 805-563-0010 

UCSB Bookstore 
The University of California 
Santa Barbara 
PH: 805-893-2082 

Sunnyvale 
Computer Literacy 
Bookshops 
PH: 408-730-9955 

COLORADO 
Boulder 
University Book Center 
CU Bou lder 
PH: 303-492-6411 
FAX: 303-492-0421 

Colorado Springs 
The Chinook Bookshop 
PH 719-635-1195 
FAX 719-635-0792 

Denver 
Blbllo Tek 
PH: 303-534-3460 

Longmont 
United Techbook Co. 
PH: 303-651-3184 
FAX: 303-6S1-3405 

CONNECTICUT 
New Haven 
Yale Co-Op 
PH: 800-ELI -YALE 
FAX: 203-772-3665 

FLORIDA 
Gainesville 
Construction Bookstore 
PH: 904-378-9784 
FAX: 904-378-2791 

GEORGIA 
Atlanta 
Oxford Bookstore 
PH:404-262-3333 
FAX: 404-364-2729 

HAWAII 
Honolulu 
University of Hawaii 
Bookstores 
PH: 808-956-4338 
FAX: 808-956-4323 

ILLINOIS 
Naperville 
Books and Bytes 
PH: 708-416-0102 
FAX: 708-416-0375 

MARYLAND 
College Park 
Maryland Book Exchange 
PH: 301-927-2510 
FAX:301-209-7118 

Boston 
Charlesbank Bookshops 
PH: 617-236-7442 
FAX: 617-236-7418 

Burlington 
SoftProBooks 
PH:617-273-2919 
FAX: 617-273-2499 
EMAIL: books@ 
softproeast.com 

Cambridge 
Quantum Books 
PH: 617-494-5042 
fAX: 617-577-7282 
EMAIL: 
quanbook@world.std.com 

Newton Highlands 
New England Mobile 
Bookfair 
PH: 617-527-5817 
fAX: 617-527-0113 

MICHIGAN 
Kalamazoo 
Western Michigan 
University Bookstore 
Western Michigan 
University 
PH: 616-387-3930 
fAX: 616-387-3941 

MINNESOTA 
MinneapolIS 
University of MN East Bank 
Bookstore 
PH 612-625-3005 
fAX 612-625-1861 

NEW HAMPSHIRE 
Hanover 
Dartmouth Bookstore 
PH:800-624-8800 (outside 
NH) 
PH: 800-675-3616 (in NH) 
FAX: 603-643-5170 

NEW JERSEY 
New Brunswick 
Rutgers University 
Bookstore 
PH:908-246-8448 

NEW MEXICO 
Albuquerque 
Page One, Inc. 
PH: 505-294-2026 

NEW YORK 
Buffalo 
Village Green Bookstore 
PH: 716-884-1200 
fAX: 716-884-3007 

Huntington 
Books Revue 
PH:516-271-1442 
FAX:516-271-5890 

New York City 
Benjamin Books 
PH: 212-432-1103 
FAX: 212-432-1104 

Col iseum Bookstore 
PH:212-757-8103 
fAX: 212-489-0925 

J & R Computer World 
PH:212-732-8600 

McGraw-Hili Bookstore 
PH : 212-512-4100 
FAX: 212-512-4105 

New York University 
Computer Store 
PH: 212-998-4591 

Rochester 
Campus Connections (RIT) 
PH:716-475-2504 

Village Green Bookstore 
1954 West Ridge Road 
PH:716-723-1600 
fAX:716-723-1669 

Village Green Bookstore 
716 Monroe Avenue 
PH:716-461-5380 
FAX: 716-461-9333 

Syracuse 
Syracuse University 
Bookstore 
PH:315-443-1654 

OHIO 
Cleveland 
Business Outreach 
PH:216-348-1744 
FAX:216-348-0375 

Dayton 
Wilkie's Downtown 
PH: 513-223-2541 
FAX: 513-223-2869 

Fairborn 
Wilkie's Fairborn 
PH: 513-429-1677 

Lima 
Readmore 
217 Flanders 
PH:419-225-5826 
FAX: 419-225-5537 

Readmore's Hallmark 
3330 W. Elm Street 
PH: 419-225-5826 

Youngstown 
Youngstown State 
University Bookstore 
PH: 216-742-3589 
fAX: 216-742-3145 

OREGON 
Beaverton 
Powell's Bookstore at 
Cascade Plaza 
PH: 503-643-3131 
FAX: 503-641-1554 

Eugene 
Book Mark 
PH: 503-484-0512 
FAX: 503-484-3130 

Portland 
Powell's Technical Books 
PH: 503-228-3906 
fAX: 503-228-0505 

PENNSYLVANIA 
Doylestown 
Village Green Bookstore 
PH: 215-230-7610 
FAX: 215-230-7615 

Erie 
The Erie Book Store 
PH: 800-252-3354 
FAX: 814-456-2702 

Philadelphia 
Bookstore of the University 
of Pennsylvania 
PH: 215-898-4900 
FAX: 21 5-898-6997 

Pittsburgh 
Book Center 
University of Pittsburgh 
PH: 412-648-2321 
fAX: 412-648-1902 

Scranton 
Paperback Booksmith 
PH: 717-346-9162 

RHODE ISLAND 
Providence 
Brown Bookstore 
PH:401-863-3168 
FAX:401-863-2233 

TEXAS 
Arlington 
Taylor's Technical Books 
PH: 817-548-TECH 

Austin 
University Co-Op 
PH: 512-476-721 1 

Dallas 
Taylor's Technical800ks 
PH: 214-239-TECH 

Houston 
Brown Book Shop 
PH: 713-652-3937 
fAX: 713-652-1914 

VIRGINIA 
Blocksburg 
University Bookstore, 
Virginia Tech 
PH:703-231-5991 
FAX: 703-231-3410 

Vienna 
Computer Literacy 
Bookshops 
PH: 703-734-7771 
EMAIL: 
sales@tc.clbooks.com 

WASHINGTON 
Bellevue 
University Bookstore 
PH: 206-646-3300 
FAX: 206-646-3340 

Pullman 
Students Book Corporation 
PH: 509-332-2537 
FAX: 509-332-8239 

Seattle 
Tower Books 
PH: 206-283-6333 
FAX: 206-285-2188 

Tacoma 
Tower Books 
PH: 206-473-3362 
fAX: 206-473-9141 

WISCONSIN 
Madison 
University Bookstore 
PH: 608-257-3784 
FAX: 608-257-9479 

Milwaukee 
University of Wisconsin 
Milwaukee 
PH:414-229-4201 
FAX: 414-229-6194 
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Expression 
$449 

Circle 1030 

on Inquiry Card. 

Fractal Design Corp. 
Aptos,CA 
(800) 846·0111 
(408) 688·5300 

http://www.fractal.com 

Mr. Natural Does Vector Graphics 

Imagine van Gogh doing technical illustrations: chip schematics 
done with thick dabs of yellow paint; network diagrams that look 

like fields of wheat. Not that you'd want impressionistic schemat· 
ics, but this should give you an idea of the kind of output you can 
create with Expression, Fractal Design's new drawing program. 

If you've worked with other vector packages, you know that to 
draw, you put down a path. Expression's innovation, called "skele· 
tal strokes:' lets you easily change the attributes of a path (which 
Fractal Design calls a "stroke") , but it also lets you apply any vec
tor picture to a path. The best part is working with vectors in a way 
that's close to working with traditional art tools. 

Expression's toolbox includes line- and shape-drawing tools, 
node tools, a freehand brush, and color gradients and fi lls. The Win
dows 95 beta version that I used delivered snappy performance 
without making me wait several seconds for the lines I drew to 
appear on-screen. I used Expression with a Wacom pressure-sen
sitive tablet (the ArtZ II), and the combination worked like a charm. 

Expression can handle most vector formats and can save files in 
these formats, as well as export in bit-map formats. If I had to buy 
my first illustration program now, I'd buy Expression. It goes beyond 
the standard packages, and it has that natural feel. -Dennis Barker 
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Download Sales leads 
from the Internet 

You CAN ACCESS, SEARCH, AND DOWNLOAD 
contact information on 10 mi ll ion 
North American businesses direct
Iy into Maximizer Enterprise 3.0is 
(US$660 per seat) via the Internet 
and MultiActive Data's MultiActive 

Eagle on- line database. The prod
uct combines a contact manager, 
an applica tion that automatica lly 

soning, decision trees, and cause! 
effect models, into an object-ori

ented development environment 
used by the Web Advisor appl ica
tion. Web Advisor ($1500 per con
current user session) gu ides users 
through dia log boxes to solve their 
problems; it also records customer 
interact ion. 
Contact: ServiceSoft Corp., 
Needham, MA, (800) 737-
8738 or (617) 449-0049; 
http://www.servicesoft·com. 
Circle 1032 on Inquiry Card. 

synchron izes fi eld and home-office 't,;,> ......... &I.I .......... ".,;;,j~ ........... ""I 
databases, and a translator that en-
abi es you to read and write Maxi

mizer data from ODBe-compl iant 
appl ications. 

Contact: Maximizer Tech
nologies, Inc., Vancouver, 
British Columbia, Canada, 
(800) 804-6299 or 
(604) 601-8000; http:// 
www.maximizer.com. 
Circle 1031 on Inquiry Card. 

Self-Service 
Customer Support 

Now ORGANIZATIONS CAN PROVIDE GUID
ed, se lf-serv ice customer support 
using the Web or corporate intra
nets. The Knowledge Builderdevel
opment environment ($5000 per 
development-system license) inte
grat es several problem-resolution 
methodo logies, such as natural-

Advanced E-Mail 
Processing 

DESIGNED FOR WIND OWS 95 AND NT, 
Re:Ply ($59.95) checks for and 
downloads e-mail f rom multiple 
accounts ; generates responses to 
e-mail according to your criteria; 
maintains a library of responses 
or letters that it ca n automatica lly 
plug in; and maintains ma ili ng lists. 
You can send and rece ive encrypt
ed e-mail to and from other Re:Ply 
users; instructthe program to auto
mati ca lly return unwanted e-ma il ; 
forward and redirect messages; and 
send MIME and UUE attachments. 
Contact: Solid Oak Software, 
Inc., Santa Barbara, CA, (800) 
388-2761 or (805) 892-2550; 
http://www.solidoak.com. 
Circle 1033 on Inquiry Card. 

Windows Data
Acquisition Software 

WITH WI NVIEW ($99), YOU CAN ACQUIRE, 

language retrieval, case-based rea- display, and store data from data-



Software 

For our Previews, we take a look at Fractal Design's drawing package, 
Expression, and Gateway's big-screen notebook, the Solo 2100 S5-120. 

acquisition boards. The program 
can display collected data in engi
neering units, including volts, de
grees, and microstrain; display in

puts in one graph or in separate 
graphs per channel; provide select
able x-axis settings for samples, 
seconds, minutes, hours, or days; 
and stream to diskat up to 333 kHz. 
Contact: American Data 
Acquisition Corp., Woburn, 
MA, (800) 648-6589 or 
(617) 935-3200; http:// 
www.adac.com. 
Circle 1034 on Inquiry Card. 

Graphics and Word 
Processing Solution 

THE CORELDRAW 6 SUITE FOR POWER 
Macintosh (US$595) includes 

the U.s. The package also includes 
U.s. census information, such as 
age, gender, race, household, in
come, employment, and industry. 
In Excel, you can use FirstMap to 
create maps of your sales, poten
tial earnings, and competition, from 

a national level to a neighborhood 
surrounding a specific store orout
let, and print them out. 
Contact: Wessex, Inc., 
Winnetka, IL, (800) 892-6906 
or (708) 501-3662; 

CorelDraw 6, WordPerfect 3.5, http://www.wessex.com. 
Corel Dream 3D 6, Corel Texture 6, Circle 1036 on Inquiry Card. 
Corel Artisan 6, Corel Multimedia 
Manager 6, CorelTrace 6, Master
Juggler 2.0 Pro, and CorelChart 6. 
It offers more than 25,000 clip-art 
images, 1000 high-resolution pho
tos, 1000Type 1 fonts, and 700 True
Type fonts. 

Contact: Corel Corp., Ottawa, 
Ontario, Canada, (800) 772-
6735 or (613) 728-3733; 
http://www.corel.com. 
Circle 1035 on Inquiry Card. 

Mapping in Excel 95 

A MAPPING ADD-IN FOR MICROSOFT Ex

cel95 and Microsoft Office 95, the 
FirstMap CD- ROM ($69) includes 

boundary maps and data for coun
ties, ZIP codes, and census tracts in 

A Client/Server 
Intranet Suite 

To GIVE DESKTOP PC USERS SHARED ACCESS 
to applications, information, and 
peripherals located on a server or 
on another workstation , Plus[NFS] 
(single user, $199; multiple-license 
packages, from $179 per user) of-

TinyTERM Network File 
Transfer 

Internet 
Explorer 

Internet N 

fersthe TinyTerm termina l-emula

tion utility, which allows desktop 
con necti ons to popular Unix ap
plications; FTPfiletransfers;an e
mail and newsreader client; a Web 
browser; TCP/IP file an.d printer 
sharing; and client/server and peer
to-peer networking capabilities 
using TCP/IP. 
Contact: Century Software, 
Inc., Salt Lake City, UT, (800) 
877-3088 or (801) 268-3088; 
http://www.censoft.com. 
Circle 1037 on Inquiry Card. 

Advanced CO-ROM 
Networking 

WITH SCSI ExPRESS 2.0 FOR WINDOWS 
NT ($1995 to $3995, depending on 
device support), you can use NT's 
performance monitoring to choose 
optimal configurations for net
worked CD-ROM drives. The pro

gram can map multiple CD-ROMs 
asa single networkshareto bypass 
the 23-drive-letter limitation; it 
also enables users to share a CO
RaM across multiple groups. The 
Autoshare feature provides auto
matic sharing of CDs. 
Contact: Micro Design 
International, Inc., Winter 
Park, FL, (800) 228-0891 or 
(407) 677-8333; 
http://www.mdi.com. 
Circle 1043 on Inquiry Card. 

Scanning Software 
for Unix 

Now UNIX USERS HAVE A SET OF TOOLS 
for scanning and working with 
scanned images. EasyCopy/Scan 
(si ng Ie-user license, $695) lets you 
prescan a page in low resolution, 
display the prescan, and modify it 

before the final scan. You can set 
the resolution to match a given 
file'ssize or an image'sd imensions, 

oryou can impose a maximum file 
size on the available resolution. 
Contact: AutoGraph 
International, Inc., San Jose, 
CA, (408) 436-7227; 
http://www.augrin.com. 
Circle 1038 on Inquiry Card. 

Web-Server 
log-File Analysis 

WITH WEB TRACKER 1.0 ($495), YOU CAN 

analyze access patterns for your 
Web site. The program, for Windows 

3.x, 95, and NT, supports explor
atory analysis th roug h fast drill
down and a varietyoftrending and 
geographical charting functions. 
Contact: Cambridge Quality 
Management, Inc., 
San Francisco, CA, (415) 
750-1327; http://www 
. CQMInc.com/. 
Circle 1040 on Inquiry Card. 

Monitor 
Internet Usage 

COMPANIES CAN MANAGE AND REPORT 
their Internet, intranet, and on-line 
usage with Sequel Net Access Man
ager 1.0 (one to 49 users, US$89 
per user). You can have the program 

report at the g rou p level; activate 
or deactivate logging or monitor-
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ing functions; and grant or deny 
site access. The program enab les 
you to monitor Internet activity 
based on protoco ls such as HTTP, 
NTTP, FTP,andSMTP; internal Web 
servers; and centra lIy accessed on
line services. 
Contact: Sequel Technology 
Corp., Willowdale, Ontario, 
Canada, (800) 881-2465 
or (416) 756-3551; 
http://www.sequeltech.com. 
Circle 1039 on Inquiry Card. 

Analyze Windows NT 
Client/Server Systems 

DYNAM EASURE (FOUNDATION LI CENSE, 
$29,995) puts controlled stress on 
Wi ndows NT cI ient/server systems 
and then measures the effect ofthe 
stress. Test specifications include 

OLTP reads, writ es, and mixed read/ 

write tests, includ ing versions that 
use BLOBs. 
Contact: Bluecurve, Inc., 
Oakland, CA, (510) 267-1500; 
http://www.bluecurve.com. 
Circle 1042 on Inquiry Card. 

Orderly Shutdown for 
Windows NT Servers 

DESIGNED FOR UNATTENDED REMOTE WIN
dows NT servers, Sentry ShutDown 
Remote Power Manager provides 
a mu lt ilevel-password interfacefor 
power management of mission 
crit ica l NT serve rs and worksta 
tions. The product comes in two 
versions, supporting out-of-band 
modem and RS-232 communica 
tions ($669.95 and $719.95, respec
tively); an optional model supports 
an in-band telnet TCP/IP session . 
Contact: Server Technology, 
Inc., Sunnyvale, CA, (800) 
835-1515 or (40 8) 745-0300; 
http://www.servertech.com. 
Circle 1041 on Inquiry Card. 

Software Updates 
StudioPro 2.0 for Power Macintosh, a modeling , rendering, and 
animation package, adds in-context modelers; on-the-fly an ima
tion; a deformation tool; spl ine and po lygona l-based modeling; a 
project window; an Environment Pa lette; a scan-line renderer; and 
camera controls. $1495. 
Contact: Strata, Inc., St. George, VI; (800) 678-7282 or 
(801) 628-5218; http://www.strata3d.com. 
Circle 1044 on Inquiry Card. 

A computerized in /out board and messag ing package for LANs and 
WANs, Who's Where 2.0 for Windows offers automated status log
in upon sta rt-up, automated status log-out upon sh utdown, group 
messag ing, TCP/IP support, reporting capabilities, and integration 
with e-ma il. Stand-alone version, f rom $50; 1O-user license, $395; 
25-user license, $835; 50-user license, $1295. 
Contact: Core Technology Corp., Lansing, MI, (800) 338-
2117 or (517) 627-1521; http://www.ctc-core.com. 
Circle 1045 on Inquiry Card. 

An image ed itor for Windows 95 and NT. Paint Shop Pro 4.0 pro
vides an enhanced paintbrush tool; special effects; support for 33 
formats; an enhanced retouch tool; a selections feature, wh ich allows 
you to adjust overall opacity, designate a transpa rent co lor, or feath
er a selected area; an Image Ari thmetic feature; and an integrated 
image browser. $69. 
Contact: JASC, Inc., Eden Prairie, MN, (800) 622-2793 or 
(612) 930-9800; http://www.jasc.com. 
Circle 1046 on Inquiry Card. 
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2-D and 3-D 
Graphics and Video 
Acceleration 

BASED ONTHE S3 VIRGE 64-BITGRAPH

ics and video accelerator ch ip, the 
Fahrenheit Video 3D package (with 
2 MB of memory, $239) comes in a 
2-MB EDO DRAM configuration for 
the PCI bus and supportsscreen res- . 
olut ions up to 1600 by 1200 pixels, 
true color depths, and refresh rates 
up to 160 Hz. Digital video accel
eration and SuperZoom video scal
ing provide full -screen, full -motion 
playback at resolutions up to 1024 
by 768 pixels. 
Contact: Micronics 
Computers, Inc.!Orchid 
Technology, Fremont, CA, 
(800) 577-0977 or(510) 65 1-
2300; http://www.orchid.com. 
Circle 1048 on Inquiry Card. 

12-bit A/D System 

THE COMPUSCOPE 8012 ($7995) IS AN 
IBM AT-compat ibl e ISA-bus card 

capable of perform ing 12-bit A/D 
conversion at real - t ime sampl ing 
rates up to 100 MSPS in single-chan
nel mode and 50 MSPS in dual
channel mode, with a bandwidth 
of40 MHz. Th ecard can store upto 
4 million samples in its on-board 
memory, and you ca n st ack data 
from successive triggers. 
Contact: Gage Applied 
Sciences, Inc., South 
Burlington, VI; (800) 567-
4243 or (514) 33 7-6893; 
http://www.gage-applied.com. 
Circle 1052 on Inquiry Card. 

166-MHz 586 ISA/PCI 
CPU Board . 

DESIGNED FOR INDUSTRIAL APPLICATIONS, 
the IPV-586ISA/PCI Pentium board 
($925) comes with two seria l ports, 

a bidirectiona l para llel port, a dua l 
floppy drive port, a dua l EIDE hard 
drive port, a VGAaccelerator inter
face with featu re connector, a PS/2 
keyboard port, a PS/2 mouse port, 
an on-board speaker, a watchdog 
t imer, and up to 128 MB of DRAM. 
Contact:MCSI, Vista, CA, 
(619) 598-2177; 
mcsi@mcsil.com. 
Circle 1049 on Inquiry Card. 

~ ·C9~.m~nJdltions 
1.,,'; ~~;N;~"(.i~;'"'Ih.,."'· I,r' '" -t1':tI'~ 

ISDN/Analog 
Multiport System 

THE MP/8-1 MODEM AND MP/16-1 Mo
dem integrate U.s. Robotics' V.34/ 
Eve ryth ing modem technology 
with ISDN term inal adapters. Be-

ca use each port has th e abi lity to 
automatically detect t he remote 
device type, you can send or rece ive 
analog and ISDN calls. The MP/8-1 
($6495) includ es four ISDN termi

nal-adapter interfaces, support ing 
eight B-channe ls/ports. The MP/ 
16- 1 ($ 10,995) includes eight ISDN 
term inal adapters, supporting 16 
B-channels/ports. 
Contact: U.S. Robotics, Skokie, 
IL, (800) 877-2677 or 
(847) 982-5010; http:// 
www.usr. com. 
Circle 1051 on Inquiry Card. 

Motion-Picture Phone 

THEVIVITAR MPP-2 ($249.95), A COL

or video phone system, t ransmits 
sight and sound over standard te le
phone lines using a 486-based mul-
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Cateway 2100 55-120 

$3799 as reviewed 

Circle 1047 

on Inquiry Card. 

Gateway 2000 

North Sioux City, SO 

(800) 846-2000 

(605) 232-2000 

http://www.gw2k.com 

Gateway's Big-Screen 
Notebook Debut 

The Solo 21 00 series of multimedia notebooks blends raw pow
er and good looks into a 7-pound package that's a perfect fit 

for on-the-go computing. Sporting a rich set of standard features 
and available options, the Solo 21 00 affords Gateway the hope of 
garnering a bigger share of the portables market. 

Gateway lets you configure your Solo with a w ide array of options: 
a 1 00-, 120-, or 133-MHzPentium; a 256-KB cache; upt040 MB 
of EDO RAM; and a 540-MB to 1.3-GB hard drive. Multimedia 
support includes a six-speed CD-ROM, which you can pop out to 
insert a floppy drive module as needed; 16-bit sound; and speak
ers.1 found the sound quality from the Solo 2100 S5-120's tiny 
speakers adequate for Windows' sounds and business audio. 

The Solo's 1 2.1-inch active-matrix color display (see the photo), 
which is powered by a 32-bit accelerator with 1 M B of EDO video 
memory, rivals a 14-inch desktop monitor. When configured for a 
resolution of 800 by 600 pixels and 64,000 colors, images and text 
were sharp and clear. 

Fitting a keyboard and a pointing device onto a notebook can 
create problems, and the Solo 2100 S5-120 is not exempt. The 
keys in the top row-includ ing the Ins, Del, Home, End, and func
tion keys-are smaller than normal, making them difficult to find w ith
out peeking. And the addition of four new keys to the bottom row 
shrinks the space bar to a diminutive 3-inch target. The Synaptics 
touch pad is a joy to operate, but I soon found that its position, direct
ly below the tiny space bar, left me no room to rest my thumbs, which 
led to a spate of accidental pointing and clicking. 

Although it suffers from the same drawback as its peers-cram
ming a lot of computer into a small package-good looks and ver
sati lity make the Solo 21 00 S5-1 20 an attractive choice for mobile 
computing. -Robert L. Hummel 
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timedia PC and a 14.4- Kbps mo

dem. The plug-and-p lay system 

comes with a golf - ball-size, prefo

cused camera that mounts on top 

of your monitor and provides re

fresh rates up to 10 fps. The pack

age includes PictureWorks' Pho

toEnhancer software and Sm ith 

M icro's VideoLi n k videoconferenc

ing software. 

Contact: Vivitar Corp., 
Newbury Park, CA, 
(805) 498-7008. 
Circle 1050 on Inquiry Card. 

Networking 

External and Pocket 
Print Servers 

THE DIR ECTNET EX II EXTERNAL PRINT 

server and the DirectNet PEPS2 Plus 

pocket print server faci li tate access 

to printer locations on NetWare, 

TCP/IP, and AppleTalk networks. The 

EX II ($399) includes two high

speed bidirectional parallel data 

ports; the PEPS2 Plus has one. Both 

units support Novell 's 4.x Network 

Directory Service and have lOBase-

2 and lOBase-T connectors. 

Contact: Pacific Data Products, 
San Diego, CA, (800) 737-
7117 or (619) 552-0880; 
http://www.pacdata.com. 
Circle 1053 on Inquiry Card. 

Network-Ready 
Color Camera 

DESIGNED FOR INTERNET AND INTRANET 

applications, the Axis NetEye 200 

($1299) is a se lf-contained, pa lm-

size camera that attaches directly 

to a 10-MB Ethernet network. You 

can use the camera as a rep lace

ment for closed-circuit video or a 

PC with a frame-grabber. 

Contact: Axis Communi
cations, Inc., Woburn, 
MA, (800) 444-2947 or (617) 
938-1188; http://www 
.axisinc.com. 
Circle 1054 on Inquiry Card. 

Workgroup Switching 

FOUR FAST ETHERNET DEVICES, THE HI

Speed 150series(from $7595) pro

vides up to 32 Ethe rn et co nnec-

tions, as many as 16 Fast Ethernet 

connections, and the abil ity to let 

users interchange FDDI, ATM, and 

WAN uplinks within the same unit. 

All Fast Ethernet ports support au

tomaticswitchable operation at 10 

or 100 Mbps. 

Contact: Hitachi Computer 
Products, Inc. , Santa Clara, 
CA, (800) 448-2244 or 
(408) 986-9770. 
Circle 1055 on Inquiry Card. 

Peripherals 

16-inch Flat-Panel 
Monitor 

THE PV116SX (UNDER $10,000) IS AN 

active-matrix color LCD fiat-pan

el monitor that measures about 3 

inches deep and hasa reso lution of 

1280 by 1024 pixels and a diago

nal viewing area of 16.1 inches. The 

monitor provides a 2-m ill ion-col

or pa lette, on-scree n menu con

tro ls, and options for finger-touch 
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B. Y. O. I. S. P. 
(Bring Your Own Internet Service Provider) 

Log into BIX and you'll find people like yourself. People who 
are glad to lend a helping hand when someone asks a question. 
People who listen to what you have to say. People who know 

about things that will surprise you. 

Now BIX is available at a price never before seen online. 

If you already have Internet access, telnet to BIX 
Flat Rate: $6.95/mo $14.97/3mo $24.97/6mo $34.97/year 

This plan allows unlimited use of both our text-based services and 
Web services available only to BIX members. 

If you need Internet access, BIX offers a Flat Rate plan at prices ranging 
from $23.95/month (down to as low as $16.95/month if you pay by the year) 

including nationwide access at speeds up to 28.8kbps or X.25 access 
at speeds up to 14.4kbps, and a pay-as-you-go plan for $12.95/month 

for six hours of access plus $2/hour thereafter. 

Complete details are available from our e-mail auto-responder 
at info@bix.com or by visiting the BIX Web Site (see below). 

To sign up for BIX, dial (800) 695-4882 or dial 
(617) 492-8300, enter bix when prompted and enter bix.rd at the Name? 

prompt. A step by step procedure will get you logged into BIX. 
The same procedure works if you telnet to bix.com or x25.bix.com, 

and you can also sign up on our Web Site. 
, 

III W ahead of its time 
~ always was, always will be. 

Visit us on the Web at http://www.bix.com/ 
C irc le 450 on Inquiry Card. 



and pen-input versions. 

Contact: Pixe/Vision, Acton, 
MA, (508) 264-9443; 
http://www.pixelvision.com. 
Circle 1056 on Inquiry Card. 

low-Cost Color 
Ink-Jet Printer 

THE DESKJET 400 (ABOUT $199) OFFERS 

600- by 300-dpi black printing, 
Hewlett-Packard's Resolution En

hancement techno logy fo r crisp 
text and smooth edges, and 300-
by 300-dpi co lor print ing at a rate 
of3 ppm. Plug-and-play-readyfor 
Windows 95, t he printer includes 
a 50-sheet paper tray and a man
ua l-feed path for printing labels, 
postcards, standard-size envelopes, 
and nonstandard paper sizes. 
Contact: Hewlett-Packard Co., 
Santa Clara, CA, (800) 752-
0900 or call local Hewlett
Packard dealer; http:// 
www.hp.com. 
Circle 1057 on Inquiry Card. 

Universal QIC Drive 

FEATURING 2.5-GB LINEAR TECHNOLOGY, 
the Wangtek 52000 Universa l OIC 
drive (about $475) offers a stan
dard SCSI-2 connection wit h a sus
tained data transfer ra te of 17 MB 
per minute. Linear recordi ng and 
read-after-write verification en
sure that information ca n be eas
ily and accu rately resto red in the 
event of data-loss incidents. 
Contact: Tecmar Technologies, 
Inc. , Longmont, CO, (800) 
422-2587 or (303) 682-3700; 
http://www.tecmar.com. 
Circle 1058 on Inquiry Card. 

Optical Storage 
on 230-MB Cartridges 

A PALMTOP-SIZE OPTICAL-STORAGE DEVICE 
for Mac, Windows, and DOS com
puters, the SYS.230 Persona l Stor-

age System (about $359) ca n store 

images downloaded from the Inter
net or f rom digi tal cameras ; back 
up and archivefilesand databases; 
sto re music; and tra nsport you r 
work between office and home. The 
SYS.230 t ransfers data at up to 2.4 
MBps and offers a seek t ime of less 
than 17 ms. 
Contact: Olympus Image 
Systems, Inc., Melville, NY, 
(800) 347-4027 or 
(516) 844-5000; http://www 
.olympusamerica.com. 
Circle 1059 on Inquiry Card. 

Dot-Matrix Printers 
for Multipart Forms 

Now YOU CAN PRINT ON MULTIPART FORMS 
and on stock measuring upto twice 
the t hickness that standard dot-

mat rix printers are able to handle. 
The Microli ne 320/321 Turbo (from 
$499) includes Courier and Goth
ic fonts, plus NLO, utility, high

speed draft, and super-speed draft, 
as well as eight scalable bar codes. 
The Windows95-compatible print
er has 64 KB of RAM and a 28-KB 
receive buffer. 
Contact: Okidata, Mount 
Laurel, Nj, (800) 654-3282 or 
(609) 235-2600; http:// 
www.okidata.com. 
Circle 1060 on Inquiry Card. 
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CD-ROM Servers with 
Eight-Speed Drives 

PROCOM 'S CD TOW ER -RAX (CADDY, 
$56,928; tray, $56,008) rack-en
closed CD-ROM servers can con
tain up to 56 caddy- or tray-based 
CD- ROM drives to provide up to 
36.4GB of data over a network. The 
servers de liver a sustained data 

Hardware What's New 

t ransfer ra te of 1200 KB ps and an 
average seek t ime of 115 ms. The 
CD Tower-Rax servers offer one to 
eight racks of seven drives; a smart 
board t hat maps each seven-drive 
rack to one SCSI 10; 100- or 166-

MHz Pentium CPUs; 4 to 128 MB 
of SIMMs; eigh t CD-ROM man

agement software packages; two 
SCSI host adapters; a VGA moni
tor; a keyboard ; a mouse; and a hard 
drive. 
Contact: Procom Technology, 
Inc., Irvine, CA, (800) 
800-8600 ext. 414 or (714) 
852-1000; http://www 
. procom.com. 
Circle 1061 on Inquiry Card. 

Network CD-ROM 
Servers 

THE AxiS STORPOINT CD- ROM SERVERS, 
for Ethernet and Token Ring LANs, 
allow users in NetWa re, Windows 

NT/95, Windows for Workgroups, 
OS/2, Unix, and Web/intranet en
vironments to access and sha re CD
RO Ms and CD-RaM-based infor
mation over a network. The servers 
(f rom $799) have t he abil ity to si
mu ltaneouslyconnectseven drives 
directlyand upto 49 drives through 
LUN expansion. 
Contact: Axis Communi
cations, Inc., Woburn, 
MA, (800) 444-2947 or (617) 
938-1188; http://www 
.axisinc.com. 
Circle 1062 on Inquiry Card. 

,~ • "« h i" ~ • ~" - ~1r'~'').*,"'" 

: :4 Systems.' \::: 
"~'f, ' ' " ' l: :~i ;.,,,,' I; ~g ~:' ,," ft:;~ 

Alpha 21164 
Desktop Workstation 

THEALPHASTATION 500/500 ($54,660) 
supports Digital Un ix, Windows NT, 
and OpenVMS. The workstation 
comes with 128 to 512 MB of mem
ory; 2 MB of cache; 4 MB of texture 

memory; a 256-bit-wide memory 
bus; a PowerStorm 4D60T graphics 
adapter; a 2-GB hard drive; a 21-
inch color monitor; a floppy drive; 
a quad-speed CD-ROM drive; f ive 
storage slots; four PCI bays; one 
64-bit PCI expansion slot; twisted
pa ir and t hin-wire Ethernet; and 
stereo-quality audio. 

Contact: Digital Equipment 
Corp., Maynard, MA, (800) 
344-4825 or call local Digital 
dealer; http://www 
. workstations. digital. com. 
Circle 1063 on Inquiry Card . 

Multimedia PC 

DESIGN ED FOR MULTIMEDIA AND GAMING 
enthusiasts, the Presario 8000 Se
ries (from $2499, without a moni
tor) delivers PowerVR Arcade 3-D 
Graphics technology, featuring 6 
MB of graphics memory and sup
porting up to 1 mill ion la rge poly
gons per second; the I nterWave 
sound system; and JBL Pro speak
ers, with a sepa rate tweeter and fu ll 
ell ipt ical driver. A 33.6-Kbps Ta lk 
and Send DSVD modem provides 
Internet access over standard tele
phone li nes. Other features include 
up-to-200-MHz Pentium proces
sors; 24 to 32 MB of RAM; 512 KB 
of pipel ine burst cache; and up-to-
3.8-GB hard drives. 

Contact: Compaq Computer 
Corp., Houston, IX, (800) 
345-1518 or (713) 514-0484; 
http://www.compaq.com. 
Circle 1064 on Inquiry Card. 
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Visual Age for BASIC ... Sort Of 
IBM's Visual Age for BASIC looks like VB but adds OOP underneath. 

egular readers of this column 
may recall that in October 
1995,1 examined IBM's Visual 
Age for C+ + on OS/2. Since 

then, IBM has extended the Visual Age 
product line to new OSes and languages. 
Visual Age for Small talk existed before 
the C+ + variant. Visual Age for C+ + is 
now available on Windows NT. IBM has 
also released Visual Age for COBOL. 
The most recent addition to the product 
line, Visual Age for BASIC (the product 
had a code name of Bart), however, more 
closely resembles Microsoft's Visual Basic 
than it does any of the other Visual Age 
products. 

The Visual Age paradigm encourages 
construction by parts (in IBM lingo, a part 
is a visual or nonvisual component). The 
developer specifies the interactions of 
parts and, therefore, the execution behav
ior of the application by wiring together 
parts and defining activities associated 
with those connections. 

For example, suppose you're building 
a data-input screen that consists of a list
box and a "clear" button. You want the 
clear button to erase whatever is in the 
listbox. Using the Visual Age construc
tion methodology, you connect the but
ton to the box-the Visual Age integrated 
development environment (IDE) will draw 
a line from button to box-and associate 
an event with that connection. In this 
case, you tell the system that a click event 
on the button triggers the era s e ( ) 
method of the listbox. This construc
tion technique applies to nonvisual 
objects as well as the visual ones I used in 
the example. 

Thus, when Visual Age for BASIC ap
peared (I examined a late beta version 
running under NT, but IBM says it will also 
release versions for OS/2 and AIX), I was 
eager to explore the Visual Age interface 
elements of the package and investigate 
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how IBM had whipped BASIC into object
oriented shape. Unfortunately, although 
I was looking forward more to the for
mer aspect-the program's Visual Age
ness-it was the latter aspect-the object
oriented features-that proved to be 
more interesting. 

Bluntly put, it appears that the sole rea
son the package carries the Visual Age 
prefix is that IBM chose to call it Visual 
Age for BASIC. Were Visual Age for BASIC 
and Visual Age for C+ + presented to me 
as siblings, I'd suggest that the presenter 
go back and check the parentage. Visual 
Age for BASIC's interface is obviously 
descended from Visual Basic. 

Missing from all the documentation 
(available in the beta version only in on
line format) is any mention of the word 
part. Instead, the documentation speaks 
of components. Though some might sug
gest that I'm nit-picking, I can't shake the 
feeling that there's some sort of capitu
lation going on here. 

Applications construction under Vi
sual Age for BASIC proceeds along lines 
similar to those of Visual Basic and draws 
from a similar cast of characters. Forms 

WHERE TO FIND 

IBM 
http://www.software.ibm.com 
/ad/vabasic/ 

are the fundamental window units, and 
you populate them with controls by se
lecting from a toolbar. Once a control is 
situated, you can summon an associated 
properties window and a code-editing 
window. However, if you are familiar 
with Visual Basic, you've seen all this 
before. 

On a more positive note, Visual Age 
for BASIC does a good job of clothing 
BASIC in object-oriented garb. It supports 
class hierarchies and multiple inheritance 

as well as inheritance-based polymor
phism. Also, Visual Age for BASIC can 
digest System Object Model (SOM) ob
jects as well as OLE objects. 

Finally, if your design work tends to
ward client/server database development 
using DB2 on NT, Visual Age for BASIC 
recognizes a separate stored procedure 
project, which allows you to build and 
test stored procedures much as you would 
build BASIC applications. (Admittedly, I 
did not experiment with that portion of 
the package.) 

Visual Age for BASIC' s first release 
amounts to a somewhat improved Visual 
Basic. (If you've been wondering, from 
what I've seen so far, the syntax differ
ences between Visual Age for BASIC and 
Visual Basic are so minor that porting 
programs written for the latter to the for
mer should be-and I stress the words 
should be-painless.) IBM representa
tives have suggested that future versions 
might incorporate more of the original 
Visual Age environment. I'd like to see 
that. m 
Rick Crehan is a seniar technical editar far 

BYTE reviews and the caautharafThe Client/ 
Server Toolkit. Yau can reach him by sending 
e-mail tarick_g@bix.com . 
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Yes, you can. NOW, you can excel, superperform and meet all your client's needs or your very own in a flash. Power on 
MITAC's workstation 'T06600N' with an Intel Pentium® Pro processor and delve into the thrill of speed and superpower. 

Running at 200M Hz, and supporting upto 256MB of DRAM, the T06600N is the ideal workstation for memory-hungry and 
speed-starved operations such as CAO, intense OTP, graphics, design and other heavy-duty 32-bit applications. 

Expandability. Supporting both the USB and ATX protocols, as well as 4 PCI and 4 ISA slots, MITAC's TD6600N offers more 
function integration, multiple connections on a single bus, and great flexibi lity. The TD6600N also supports upto 3 hard disks 
concurrently, giving you more than 6GB in one desktop machine! 

To crown its claim of the ultimate workstation, MITAC's TD6600N also comes with 
crystal audio CODEC [optional], 16-bit stereo, Soundblaster-compatible full duplex audio as well as 3D S3 Virge graphics 
capabilities and supports fax-lrDA and Consumer Infrared interfaces. MITAC's brawny workstation is shipped preloaded 
with the powerful Windows NT ready to run. 

Now reliability. MITAC's TD6600N not only supports error check
ing and correction [ECG] but you can rest assured of the MITAC 
value-added quality, reliability and stability that many in the PC 
industry have come to rely on for so many years now. 

Longing for real power, speed and hyperformance? Ask for your 
MITAC TD6600N today . 

• MITAC INTERNATIONAL CORP. Lin Kuo Office .. Tel :886(3)3289000 Fax:886(3)3280928 
• E·mail · market@smtplink.mic.com.tw • (URL): http://mitac.mic.com.tw 

T he Inrcl lnsidc Logo and PCl1 ri uITI arc rcgis{crcd trademarks and the Pcnrium Processor Logo and the Pentium Pro Processor Logo are trademarks of Intel Corporation. 



Finish Out Your Rack 
with a Magnum Commander 
• Control up to 96 file servers with just 1 keyboard, monitor 

and mouse 

• Supports all 100% IBM compatible pes and PS/2 or 
serial mice; integral Sun and optional 
Macintosh support available 

• 3.5" unit is designed for 19, 23, 
and 24" rack applications 

• Each unit controls up to 16 file 
servers; cascade up to 6 units 

• Control all computers locally, 
remotely, or both 

• AutoBoot™ feature boots all 
computers without user 
intervention 

• Push-button and keyboard 
controlled scanning standard 

• ~Rear peripheral access available 

An 

MAGNUM 

COMMANDER™ 
Cybex Computer Products Corporation 
4912 Research Drive Huntsville, AL 35805 USA 
(205) 430-4000 (205) 430-4030 fax 
http://www.cybex.com/ 
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Inc. 
50() 

Company 

IBM, PC and PS/2 are registered trademarks of International Business Mach ines Corporation. Mac intosh is a registered trademark of Apple Computer, Inc. Sun is a trademark 
of Sun M icrosystems. Cybex, Commander, and AutoBoot are trademarks of Cybex Computer Products Corporation. The Inc. 500 logo is a registered trademark of Goldh irsh Group, Inc. 

Made in USA 


